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PREFACE. 


During  recent  years  the  study  of  the  various 
mechanical,  chemical,  and  vital  processes  con- 
cerned in  digestion  has  resulted  in  discoveries 
many  of  which  are  of  great  interest  to  the 
general  medical  practitioner.  Unfortunately, 
these  fresh  additions  to  our  knowledge  appear  in 
diverse  journals  and  in  various  languages,  and 
it  is  only  occasionally  that  they  are  collected 
and  embodied  in  a  treatise  or  article  dealing 
with  the  whole  subject.  The  medical  prac- 
titioner, frequently,  has  neither  the  time  nor 
opportunity  to  study  these  articles  as  they 
appear,  and  at  present  there  is  no  popular 
text-book  which  is  quite  up-to-date. 

For  this  reason  it  is  hoped  that  the  brief 
resume  which  has  been  prepared  on  the  "  Physio- 
logy of  Digestion,"  and  which  forms  the  first 
chapter  of  this  work,  will  be  found  worthy  of 
perusal,  if  not  of  careful  study.  The  question  of 
"  food,"  especially  for  invalids  and  infants,  is 
undoubtedly  increasing  in  importance,  as  it  is 
now  generally  recognised  that  a  physician  should 
as  carefully  prescribe  diet  as  medicine.  In  this 
connection,  therefore,  it  is  believed  that  the 
chapters  dealing  with  "  Digestion  in  Infancy," 
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"  Predigested  Food,"  "  Milk,"  &c.,  &c.,  will  be 
found  useful. 

Digestion  is  a  far  more  complex  problem 
than  it  was  at  one  time  regarded,  and  in  a  sense 
it  appears  to  commence  before  the  food  actually 
reaches  the  mouth,  and  the  processes  continue 
until  the  residue  reaches  the  rectum.  For 
example,  starch,  which  may  not  be  acted  upon 
by  the  saliva  in  the  mouth  and  stomach,  may 
be  digested  by  the  amylopsin  from  the  pancreas, 
and,  still  later,  by  the  amylase  of  the  succus 
entericus. 

Our  knowledge  of  the  various  enzymes,  and 
of  their  mode  of  action,  has  been  thoroughly 
studied,  and  where  nature  fails  to  produce  them 
in  the  requisite  quantity  or  quaUty,  science 
steps  in  and  can  supply  the  deficiency.  In  the 
preparation  of  such  products  there  is  no  doubt 
the  late  Mr.  F.  Baden  Benger,  F.I.C.,  F.C.S., 
Pharmaceutical  Chemist,  was  one  of  the  first 
and  most  successful. 

Benger's  Preparations  of  digestive  enzymes 
and  their  food  products  were  the  practical 
outcome  of  the  pioneer  work  done  by  the  late 
Sir  WiUiam  Roberts,  M.D.,  F.R.S.,  formerly 
Physician  to  the  Manchester  Royal  Infirmary, 
and  Professor  of  Medicine  at  the  Victoria  Univer- 
sity, Manchester.  These  researches  formed  the 
subject  of  his  addresses  on  Dietetic  Preparations 
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and  Digestive  Ferments,  delivered  before  the 
Royal  College  of  Physicians  in  1880  (as  Lumleian 
Lecturer)  and  various  scientific  societies,  as  well 
as  of  papers  which  appeared  in  the  Proceedings 
of  the  Royal  Society  in  1881,  and  other  scientific 
and  medical  publications. 

The  late  Mr.  Benger  assisted  Sir  WilHam 
Roberts  in  the  practical  work  connected  with  his 
researches. 

Since  the  origination  of  the  "  Benger  "  pro- 
ducts it  has  been  the  rule  of  the  firm  to  acquaint 
medical  men  with  their  composition  and 
properties,  so  that  they,  the  proper  authority, 
might  know  with  what  they  were  dealing.  It 
has  been  customary  also  to  receive  from  medical 
men  correspondence  and  enquiries  for  particular 
information  relating  to  digestive  ferments,  their 
preparation  and  properties,  and  for  detailed  infor- 
mation respecting  the  "  Benger  "  products.  As 
far  as  possible  this  is  gladly  supplied,  and  such 
enquiries  are  welcome.  The  present  work  is 
based  largely  on  questions  put  to  the  firm 
from  time  to  time,  and  is  an  attempt  to  present 
the  information  in  a  connected  form,  in  the 
hope  that  it  may  prove  interesting  and  useful 
to  medical  men  generally,  and  in  order  that  they 
may  have  available,  detailed  and  authentic  infor- 
mation whenever  such  is  required. 

October,  1912. 
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PHOTOGRAPHS. 


The  plates  at  the  end  of  this  work  have  been 
selected  and  reproduced  from  the  "Benger"  Series  of 
original,  untouched  photographs.  They  show  the  effect 
of  an  artificial  gastric  juice  (containing  Rennin  and 
HCL  0-2  per  cent.)  on  milk,  etc.,  at  98°  Fahr.,  in  glass, 
under  identical  conditions. 

PHOTOGRAPH  I.— Curd  from  Cows'  Milk  (Fig.  4),  and  from  the 
same  milk  after  treatment  with 

(1)  Banger's  Food  (6i  %)  for  fifteen  minutes.    Fig.  4B 

(2)  „  „       „   thirty       „         Fig.  40 

PHOTOGRAPH  II. — Cows'  Milk  sets  in  a  solid  curd,  and  has  to 
be  broken  with  a  glass  rod.  This  photograph  shows  the 
broken  curd.    (Compare  with  Plate  III.    Photograph  III.) 

PHOTOGRAPH  III.— Cows'  Milk  treated  with  Benger's  Food. 
Showing  that  it  does  not  set  in  a  solid  curd,  but  can  be 
poured  out  easily  from  the  test  glass.  (Compare  with 
Plate  II.    Photograph  II.) 

PHOTOGRAPH  IV.— Curd  formed  in  a  mixture  containing  44  4 
per  cent.  Cows'  Milk  and  55'6  per  cent,  of  water.  (Compare 
with  Plate  XVIII.   Photograph  VI.) 

PHOTOGRAPH  V.— Curd  formed  in  a  mixture  containing  44  4 
per  cent.  Cows'  Milk  and  55"6  per  cent,  of  barley  water. 
(Compare  with  Plate  XVIII.    Photograph  VI.) 

PHOTOGRAPH  VI.— Curd  formed  from  same  dilution  of  milk 
and  water  as  above,  but  first  treated  with  4'16  %  of  Benger's 
Food,  and  digested  for  fifteen  minutes.  (Compare  with 
Plate  XVI.    Photograph  IV.) 

PHOTOGRAPH  VII.— The  same  after  thirty  minutes'  digestion. 
(Compare  with  Plates  XVI.-XVIII.  Photographs  IV.,  V.. 
and  VI.) 

PHOTOGRAPH  VIII.— The  blue  colour  formed  by  the  action  of 
iodine  on  starch  in  barley  water. 

PHOTOGRAPH  IX. — Colour  obtained  by  the  action  of  iodine 
on  prepared  Benger's  Food  (4-16  per  cent.)  For  this  purpose 
made  with  water  only.    Showing  extent  of  starch  conversion. 

PHOTOGRAPH  X.— Effect  of  excess  of  iodine  on  the  same 
(Compare  with  Photographs  VIII.  and  IX.) 
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CHAPTER  I. 
THE  PHYSIOLOGY  OF  DIGESTION. 

Under  the  term  digestion  is  included  all  those 
processes  to  which  the  food  is  subjected  in  the  ahmentary 
canal  and  which  have  for  their  object  the  conversion  of 
sohd,  insoluble,  indiffusible  food  substances  into  soluble, 
diffusible  bodies,  which  are  capable  of  being  absorbed 
by  passing  through  the  wall  of  the  alimentary  canal  into 
the  blood  or  lymph. 

Broadly  speaking  these  processes  are  either  mechanical 
or  chemical  in  nature,  the  mechanical  factors  in  digestion 
being  essentially  due  to  muscular  action,  and  having 
for  their  objects  ; — 

(1)  The  breaking  up  of  the  solid  or  semi-solid  particles 
of  food. 

(2)  The  incorporation  of  the  food  with  the  digestive 
juices. 

(3)  The  propulsion  of  the  digesting  food  along  the 
ahmentary  tract. 

The  motor  mechanisms  include  such  actions  as 
mastication,  insaUvation,  deglutition,  and  peristalsis,  &c., 
and  are  in  some  cases  under  the  control  of  the  will,  in 
others  involuntary  and  reflex.  Roughly  one  may  say 
that  the  food  at  the  commencement  and  end  of  its  journey 
through  the  alimentary  canal  is  more  or  less  under  the 
control  of  the  will,  while  during  the  middle  part  of  its 
course  it  is  quite  beyond  all  voluntary  control.  Further- 
more, one  has  to  remember  that  even  this  voluntary 
control  of  certain  of  these  "  mechanical  "  actions  is  only 
partial,  and  the  result  of  education. 
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The  chemical  changes  involved  in  digestion  result 
from  the  action  of  the  digestive  juices  formed  by  the 
epithelium  of  the  alimentary  canal  and  by  its  glands. 

The  different  digestive  juices  act  in  virtue  of  ferments 
(enzymes)  which  they  contain,  some  of  the  juices  contain- 
ing several  enzymes  and  so  being  capable  of  acting  on 
several  different  classes  of  food  substances.  The  enzymes 
set  up  hydrolysis,  i.e.,  spHt  up  the  substance  on  which 
they  act  into  two  or  more  simpler  bodies  with  the  assump- 
tion of  the  elements  of  water,  the  whole  object  of  the 
chemical  factors  in  digestion  being  to  convert  insoluble, 
indiffusible  bodies,  such  as  proteins,  starches,  or  fats, 
into  soluble,  diffusible,  absorbable  bodies  such  as  peptones, 
sugars,  and  fatty  acids. 

The  enzymes  themselves  are  preformed  by  the  gland 
cells  as  zymogens,  inert  precursors,  which  may  be  seen 
in  the  cells  of  "  resting  "  glands  as  small  granules  which 
stain  readily  by  certain  specific  methods.  These 
zymogens  become  converted  into  the  active  enzymes 
either  during  the  actual  process  of  discharge  from  the 
cell,  or  after  discharge,  the  inert  zymogen  in  such  cases 
bemg  activated  by  admixture  with  some  other  digestive 
juice  secreted  at  a  lower  level  in  the  aUmentary  canal 
and  containing  some  specific  activating  principle.  In 
the  case  of  some  glands,  the  zymogens  themselves  have 
a  precursor— a  pro-zymogen,  also  an  inactive  body 
(c  g.,  pancreas).    Acids  also  have  the  power  of  Uberatmg 
enzymes  from  zymogens.    The  exact  chemical  nature  of 
enzymes  is  unknown,  they  probably  contain  nitrogen 
and  may  be  aUied  to  the  proteins;  they  have  the  power  of 
accelerating,  to  a  very  great  extent,  specific  chemical 
reactions,  which  reactions  occur  best  at  body  temperature 
(the  optimum)  and  are  retarded  by  cold,  stopped  m- 
definitely  at  0°  C,  and  stopped  permanently  at  100  0. 

Many,  if  not  all,  the  digestive  enzymes,  exhibit  a 
reversing  action,  that  is,  having  converted  a  good  deal 
of  the  primary  substances  on  which  they  act  mto  the 
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usual  "  end  product,"  they  react  on  the  "  end  product  " 
and  convert  it  back  into  the  original  primary  substance, 
60  that  a  state  of  chemical  equihbrium  may  be  estabhshed. 
The  enzymes  are  usually  classified,  according  to  the 
substance  on  which  they  act,  into  (1)  Proteolytic — those 
which  act  on  protein;  (2)  Amylolytic — those  which  act  on 
starch ;  (3)  Steaptytic — fat  splitting,  &c. 

A  detailed  account  of  the  individual  ferments  will 
be  given  under  the  different  digestive  juices. 

Salivary  Digestion. 

In  the  mouth  the  food  is  subjected  to  both  mechanical 
and  chemical  agencies.    In  the  process  of  mastication  the 
food  is  broken  up  into  smaller  particles.  This,  a  voluntary 
action,  is  regulated  by  tactile  and  muscle  sense,  while 
its  duration  is  chiefly  determined  by  the  physical  condition 
of  the  bolus,  such  as  its  consistence,  dryness,  taste, 
temperature,  &c.,  as  well  as  by  the  state  of  the  teeth 
and  general  habits  of  the  individual.    It  is  all  important 
in  early  life  to  cultivate  proper  habits  of  mastication. 
This  is  at  first  an  entirely  voluntary  act,  but  later  can 
be  performed  without  the  direct  uatervention  of  the  will ; 
in  other  words,  it  becomes  more  aUied  to  a  reflex  action. 
Much  of  the  present  decay  of  the  teeth  is  bound  up  with 
this  question  of  imperfect  mastication.    During  masti- 
cation the  food  is  thoroughly  incorporated  with  the 
sahva — insahvation — ^a  process  whereby  the  particles 
of  food  are  made  into  a  coherent  mass,  which  is  lubricated, 
moistened,  and  so  rendered  fit  for  swallowing.  Moreover 
it  is  during  this  period  that  sapid  (tasty)  substances 
are  dissolved  out,  while  the  ptyalm  (enzyme)  is  brought 
mto  intimate  contact  with  starchy  substances  which  are, 
as  a  result,  partly,  at  any  rate,  converted  into  sugar 
(maltose).    The  sahva  is  thus  the  first  digestive  juice 
with  which  the  food  comes  in  contact,  and  its  action 
not  only  takes  place  in  the  mouth  but  is  continued  for 
some  considerable  time  (about  two  hours)  in  the  stomach 
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hence  salivary  digestion  is  said  to  exhibit  both  a  buccal 
and  a  gastric  phase. 

Ordinary  "  mixed "  sahva  is  a  somewhat  thick, 
viscid,  alkaline  fluid,  with  a  specific  gravity  of  1002-1006, 
which  gives  a  faint  proteolytic  reaction  and  rapidly 
converts  starch,  glycogen,  and  other  polyoses  into  maltose. 
The  saUva  is  secreted  by  the  submaxillary,  parotid, 
sublingual,  and  buccal  glands,  the  latter  being  a  series 
of  small  mucous  glands  which  occur  scattered  throughout 
the  lining  of  the  mouth.  The  secretion  of  the  different 
glands  varies  considerably  in  physical  and  chemical 
properties.  The  secretion  of  the  submaxillary  and  the 
sublingual  glands  is  practically  identical,  and  is  a  some- 
what thick,  viscid  secretion,  the  function  of  which  is 
not  only  digestive,  but  also  that  of  a  lubricant.  Parotid 
saliva,  on  the  other  hand,  is  thin  and  watery,  and  is 
used  chiefly  for  "  flushing-out  "  purposes.  The  salivary 
glands  do  not  secrete  together  as  a  whole,  but  react 
individually  to  different  stimuli  for  specific  purposes. 

The  approximate  composition  of  mixed  saliva  is  as  follows : — 
Water   99-5  per  cent. 

Ptyalin. 
Mucin. 
Protein. 

Potassium  Sulphocyanide. 
Salivary  corpuscles. 
J  Epithelial  scales. 


Solids   -5  per  cent.  - 


The  composition  of  saUva  is  continually  varied 
according  to  the  purpose  for  which  it  is  intended— not 
only  the  amount  of  water,  but  the  amount  of  ptyaUn, 
mucin,  protein,  and  inorganic  salts  varymg  very 
considerably  in  specimens  secreted  for  different  objects, 
e.g.,  should  the  food  be  dry,  then  watery  sahva  is  secreted 
by  the  parotid,  while  should  it  not  be  specially  dry  but 
require  lubricating  for  deglutition  purposes,  a  thick, 
viscid,  submaxiUary  saliva  is  poured  out.    Besides  this 
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the  mouth  is  really  the  "  sorting  chamber  "  of  the 
alimentary  canal,  and  many  substances  introduced  into 
it  are  useless,  noxious,  and  even  injurious  to  the  animal. 
In  such  cases  the  saliva  acts  as  a  flushing-out,  diluting, 
or  neutraKsing  agent. 

The  chief  chemical  use  of  saUva  is  to  convert  insoluble, 
indifFusible  starches  into  diffusible  sugars,  intermediate 
bodies  being  soluble  starch,  achroo-  and  ery thro -dextrin, 
maltose  being  the  end  product.  This  conversion,  like  all 
enzymic  action,  is  very  rapid,  but  takes  place  chiefly  in 
the  stomach. 

The  secretion  of  saliva  commences  before  the  actual 
introduction  of  food  into  the  mouth,  being  initiated  by 
a  psychic  stimulus,  the  thought  or  anticipation  of  food, 
this  primary  secretion  being  re-inforced  by  the  sight, 
smell  and  finally  the  taste  of  food,  so  that  a  copious 
flow  of  saHva  is  ensured. 

This  "  anticipation  juice  "  varies  in  character  just 
as  does  juice  secreted  as  the  result  of  stimulating  the 
buccal  lining  locally. 

The  secretion  of  saliva  depends  upon  a  nervous,  not 
upon  a  chemical,  mechanism,  as  in  the  case  of  the 
pancreas,  and  if  all  the  nerves  are  cut  no  secretion  of 
saliva  is  possible.  The  afferent  nerves  are  the  sensory 
nerves  of  the  mouth  and  adjacent  parts,  and  are  the 
same  in  the  case  of  all  the  glands.  The  efferent  channels 
vary  in  the  individual  cases;  in  the  case  of  the  sub- 
maxillary and  the  sublingual  the  chorda  tympani  and 
cervical  sympathetic  being  the  efferent  paths,  while 
in  the  case  of  the  parotid  the  glossopharyngeal  and 
sympathetic  are  the  main  channels.  These  nerves  have 
nuclei  or  stations  in  their  courses,  and  direct  stimulation 
of  the  nerves  themselves  with  stimuli  of  various  strengths 
produces  a  secretion  of  saliva  which  not  only  varies  in 
amount,  but  also  in  actual  chemical  composition,  as 
regards  amount  of  organic  or  inorganic  solids,  &c. 
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Deglutition. 

The  food  having  been  masticated  and  insaUvated,  is 
swallowed,  i.e.,  passed  through  the  pharynx  and 
oesophagus  into  the  stomach.  The  process  of  deglutition 
is  now  regarded  as  a  purely  mvoluntary  reflex  action 
brought  about  by  stimulation  of  a  definite  area  of  the 
buccal  mucous  membrane  by  the  bolus,  recent  investi- 
gations having  shown  that  in  all  higher  animals  there 
is  a  special  region  in  the  mouth  or  pharynx,  stimulation 
of  which  invariably  produces  the  act  of  swallowing. 
The  exact  position  of  this  chief  deglutition-signal  surface 
varies  in  different  animals,  but  is  in  all  animals  situated 
somewhere  along  the  main  normal  path  of  the  bolus. 
In  addition  to  this  "  chief  "  area,  other  necessary  areas 
are  also  present  in  more  lateral  positions,  the  object  of 
these  being  to  ensure  the  swallowing  of  particles  of 
food  which  have  "  strayed  "  from  the  main  mass. 

Two  stages  are  described  in  connection  with  deglutition — the  first 
a  rapid  pharyngeal  stage,  the  second  a  relatively  slow  oesophageal, 
peristaltic  stage.  In  the  pharyngeal  stage  the  bolus  is  rapidly  shot 
through  the  pharynx  by  the  contraction  of  the  mylohyoid  and 
hyoglossus  muscles  assisted  by  the  rapid  rotation  of  the  tongue  round 
the  hyoid  and  by  the  contraction  of  the  palatine  arch  upon  the  bolus. 
At  the  same  time  the  bolus  is  prevented  going  up  into  the  nose  by 
the  elevation  of  the  soft  palate,  or  going  down  into  the  larynx  by  the 
retraction  of  the  root  of  the  tongue  and  the  drawing  upwards  and 
forwards  of  the  larynx  under  cover  of  the  retracted  tongue.  Simul- 
taneously the  laryngeal  orifice  is  narrowed  and  the  epiglottis  pressed 
down.  This  drawing  upwards  and  forwards  of  the  larynx  plays 
another  important  part  in  the  mechanism  of  deglutition  in  that  it 
pulls  forward  the  hyoid  and  so  opens  the  oesophagus,  and  thus  prepares 
the  way  for  the  passage  of  the  bolus.  Finally  during  the  first  stage 
the  food  is  prevented  coming  back  into  the  mouth  by  the  muscles 
of  the  palatine  arch,  which  contract  first  upon  and  then  behind, 
the  advancing  mass.  The  passage  of  the  bolus  dovm  the  oesophagus 
is  much  slower  than  its  passage  through  the  pharynx.  Furthermore, 
it  appears  frequently,  if  not  always,  to  be  delayed  just  before  its 
entry  into  the  stomach — some  authorities  stating  that  of  the  time 
taken  by  the  second  stage,  half  is  spent  by  the  bolus  travelhng  down 
the  tube,  and  half  in  passmg  through  into  the  stomach. 

As  regards  the  actual  distance  the  bolus  is  projected  during  the 
first  stage,  this  differs  in  different  animals  with  the  fluidity  of  the 


The  Physiology  of  Digestion. 


7 


bolus  and  the  position  of  the  animal  during  the  act ;  but,  roughly 
speakin<r.  in  the  case  of  a  fluid  bolus,  one  may  say  that  it  is  projected 
to  a  level  with  the  heart,  while  soHds  and  semi-Bohds  are  only  projected 
to  the  upper  end  of  the  oesophagus,  their  passage  down  this  tube  being 
associated  with  a  peristaltic  wave.  The  exact  relationship _  of  the 
bolus  is  a  matter  of  some  difference  of  opinion,  some  authorities  con- 
sidering that  it  forces  the  bolus  down  the  tube,  others  that  it  follows 
on  the  bolus,  its  main  object  being  to  sweep  along  detached  particles. 
This  wave  is  peculiar  in  that  it  is  conducted  by  the  nerve,  and  not 
the  muscle,  and  may  be  transmitted  from  the  upper  to  the  lower 
end  of  a  divided  oesophagus,  after  division  of  all  the  muscle,  if  the 
nerve  is  left  intact. 

Recently  Cannon  has  described  three  kinds  of  peristalsis  in  the 
oesophagus,  one  depending  on  the  integrity  of  the  tube  as  a  whole, 
one  on  the  integrity  of  the  nerve,  and  the  other  on  the  integrity  of 
the  muscle-coat.  These  differ  in  their  reaction  to  anaasthetics, 
temperature,  &c. 


Gasteio  Digestion. 

The  gastric  juice  is  a  clear,  limpid,  acid  liquid  with 
a  sour  smell  and  taste,  and  a  specific  gravity  of  1002. 
Its  actual  composition,  like  that  of  saHva,  varies  con- 
siderably with  the  object  for  which  it  is  secreted. 

Its  approximate  composition  is,  however,  as  follows : — 
Water  99-5         Solids  -5 


Solids 


{Pepsin. 
Rennin. 
Gastric  Lipase. 

Inorganic  j  Chlorides,  phosphates, 

inorganic   ....  ^  g  per  cent. 


The  uses  of  gastric  juice  may  be  summarised  as 
follows :  (1)  Digestive,  (2)  Antiseptic,  (3)  Activating 
or  Hormonic.  As  regards  its  digestive  action  one  may 
say  in  general  terms  that  directly  or  indirectly  it  acts 
on  all  classes  of  food  stuffs.  Proteins  are  converted  into 
proteoses  and  peptones  by  the  pepsin-hydrochloric  acid  ; 
the  prolonged  action  of  this  substance  may  also  lead  to 
the  formation  of  amino-acids,  but  this  does  not  occur 
normally  in  the  stomach.  This  action,  as  previously 
pointed  out,   is   essentially   one  of  hydrolysis.  The 
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various  phases  through  which  the  protein  passes  may  be 
summarised  as  follows:  (1)  Acidmeta-protein 

,  .  {(a)  Protoproteose  ) 

(2)  Propeptone        j  (6)  Heteroproteose  [and  (3)  Peptone 

((c)  Deuteroproteose  j 

As  regards  these  substances,  the  acid  metaprotein  is  a  body  which 
is  insoluble  in  water,  soluble  in  acid,  precipitated  by  neutrahsation 
and  by  neutral  salts,  e.g.,  ammonium  sulphate,  and  is  not  coagulated 
by  heat.  The  propeptones  or  proteoses  include :  Albumoses,  globu- 
loses,  gelatoses,  elastoses,  &c.,  and  are  a  class  of  bodies  precipitated 
by  alcohol  and  nitric  acid,  and  not  coagulated  by  heat,  but  which 
give  a  rose-pink  colour  with  copper  sulphate  and  caustic  potash. 
They  are  sHghtly  diffusible.  The  primary  bodies  (proto-  and  hetero- 
proteose) are  precipitated  by  saturation  with  magnesium  sulphate. 
The  secondary  body,  deutero-proteose  is  not  precipitated  by  mag- 
nesium sulphate,  but  is  precipitated  by  ammonium  sulphate.  The 
primary  proteoses,  moreover,  are  soluble  and  the  secondary  insoluble 
in  water. 

The  final  products,  the  peptones,  are  a  class  of  substances  which 
are  soluble  in  water,  precipitated  by  alcohol,  tannin,  picric  acid,  &c.,  &c., 
not  coagulated  by  heat  nor  precipitated  by  nitric  acid.  They  are 
diffusible,  give  a  Biuret  reaction,  and  are  easily  split  up  into  groups 
of  amino-acids  or  polypeptides. 

In  the  digestion  of  fats,  gastric  juice  plays  a  most 
important  part.  The  pepsin-hydrochloric  acid  digests 
away  the  connective  tissue,  which  binds  the  fat  lobules 
and  cells  together,  thus  Hberating  the  cells,  the  protein 
envelope  of  which  is  then  digested  in  a  similar  manner, 
so  that  the  fat  is  hberated  and  brought  into  intimate 
contact  with  the  gastric  juice,  containing  a  hpase  which 
spHts  the  fat  into  glycerine  and  fatty  acid. 

The  gastric  juice  of  young  animals  is  rich  in  hpase, 
but  m  adults  it  is  doubtful  if  much  is  present.  Recent 
researches  have  shown  that  in  the  later  stages  of  gastric 
digestion  there  is  a  certain  amount  of  regurgitation  of 
food  and  pancreatic  juice  from  the  duodenum,  so  that 
possibly  some  of  the  fat  sphtting  that  occurs  in  the 
later  stages  of  stomach  digestion  is  really  due  to  the 
pancreatic  hpase. 
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Carbohydrates.— Gastric  juice  has  no  specific  fer- 
ment which  acts  on  carbohydrates,  but  the  hydrochloric 
acid  may  act  hydrolytically,  convertmg  cane  sugar  mto 
dextrose  and  levulose,  lactose  into  galactose  and  dextrose, 
and  maltose  into  dextrose  to  a  slight  extent. 

]V[n,K. — Gastric  juice  exerts  a  considerable  action  on 
milk.  The  acid  curdles  the  milk,  i.e.,  precipitates  the 
caseinogen,  while  the  rennin,  which  may  or  may  not  be 
a  separate  ferment,  converts  it  (caseinogen)  into  casein, 
the  casein  being  subsequently  digested  by  the  pepsin- 
hydrochloric  acid  and  converted  into  caseose  and  casein- 
peptone.  The  other  proteins  of  milk  are  digested  by 
pepsin  m  the  usual  manner,  while  lactose  is  partially 
converted  into  dextrose  and  galactose. 

Milk  Digestion  in  Infancy. 

It  is  probable  that  during  infancy  milk  is  digested 
in  a  shghtly  different  way,  but  the  ultimate  effect  is 
the  same.  The  caseinogen  from  the  milk  of  one  animal 
may  be  readily  digested  in  the  stomach  of  another 
animal  of  the  same  species,  but  may  be  difficult  to  digest 
in  that  of  an  animal  of  another  species.  For  example, 
cow's  milk  is  readily  digested  by  the  calf,  but  in  the 
stomach  of  an  infant  the  curds  produced  are  so  large 
and  dense  that  their  solution  is  difficult,  and  at  times 
impossible.  A  study  of  the  process  of  coagulation,  as 
illustrated  by  the  diagrams  at  the  end  of  this  book,  shows 
that  when  cow's  milk,  mixed  with  a  little  starchy  matter, 
has  been  previously  treated  with  a  suitable  digestive 
ferment,  the  caseinogen  flakes  (the  curd)  are  no  longer 
large  and  dense,  but  finely  divided  and  comparable 
with  those  produced  from  human  milk. 

As  the  child  grows  older  its  stomach  becomes  able  to 
digest  cow's  milk,  hence  there  must  have  been  some 
change,  some  modification  of  the  mechanical,  physio- 
logical, and  chemical  processes  occurring  in  the  stomach. 
In  adult  invahds,  however,  the  conditions  may  revert  to 
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those  of  early  infancy,  and  cow's  milk  becomes  practically 
indigestible  unless  previously  treated  in  the  manner 
suggested.  This  partial  pre-digestion  appears  to  effect 
a  change  which  the  stomach,  temporarily,  is  unable  to 
effect,  and  which  'is  absolutely  necessary  if  the  further 
processes  of  digestion  are  to  proceed  uninterruptedly. 

Gastric  juice  is  a  powerful  antiseptic,  arresting 
putrefaction,  and  destroying  many  forms  of  micro- 
organisms taken  in  as  food. 

The  Activating  or  Hormonic  Action  of  Gastric  Juice. 

The  gastric  juice  is  responsible  for  those  secretions 
which  are  poured  into  the  lower  parts  of  the  alimentary 
canal.  The  acid  content  of  the  stomach  is  periodically 
discharged  into  the  duodenum,  where  its  acid  converts 
prosecretin,  a  substance  formed  by  the  duodenal  mucous 
membrane,  into  secretin,  a  substance  which  belongs  to 
the  group  of  bodies  known  as  Hormones.  This  passes 
into  the  blood  and  stimulates  the  pancreas,  hver,  and 
intestinal  mucous  membrane,  so  that  pancreatic  juice, 
bile,  and  succus  entericus  are  all  poured  into  the  intestine. 

The  Secretion  of  Gastric  Juice. 

This  commences  before  the  actual  introduction  of 
food  into  the  mouth,  and  is  initiated  by  the  thought  or 
anticipation  of  food,  being  subsequently  re-inforced  by 
the  smell,  sight,  and  lastly  the  taste  of  food.  The 
juice  thus  secreted  is  known  as  appetite  or  inciting  juice  ; 
it  is  only  secreted  for  a  few  minutes,  and  stops  at  once 
should  the  animal  realise  that  it  is  not  going  to  have 
the  food.  Such  a  secretion  is  known  as  a  psychic  secretion. 
When  food  reaches  the  stomach  the  products  of  sahvary 
digestion  (especially  dextrin)  act  as  chemical  excitors 
to  the  gastric  flow,  a  further  chemical  stimulus  being 
supphed  subsequently  by  the  products  of  gastric  digestion 
(peptones)  as  well  as  by  certain  substances,  such  as 
extract  of  meat,  &c.,  which  may  be  introduced  with  the 
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food  itself.  The  value  of  the  psychic  factor  in  digestion 
cannot  be  well  overstated,  as  Pawlow  has  shown  by 
direct  experiment  that  in  a  given  time,  with  appetite, 
an  animal  can  digest  five  times  as  much  food  as  Avithout  it. 

As  regards  the  relative  value  of  the  different  components  (visual, 
olfactory,  or  gustatory)  of  the  psychic  factor,  one  may  briefly  state 
that  in  some  animals,  e.g.,  cats,  the  visual  component  is  probably 
the  most  important  (a  cat  when  playing  with  a  mouse  is  probably 
simply  ensuring  a  flow  of  gastric  juice  to  digest  it).  In  dogs  smell  is 
the  most  potent  element,  while  in  man  the  gustatory  factor  is  probably 
the  chief  one  concerned. 

Practical  appreciation  of  the  above  facts  in  the 
treatment  of  diseases  of  the  stomach  and  other  allied 
conditions  is  shown  in  the  frequent  feeding  of  invaUds, 
whose  gastric  digestion  is  impaired,  with  small  amounts 
of  food,  so  that  a  maximum  psychic  secretion  may  be 
obtained  and  digestion  ensured. 

Again,  the  administration  of  soup,  or  extract  of  meat 
(specific  gastric  excitors),  as  precursors  to  an  ordinary 
meal  or  to  forced  feeding,  ensures  an  efficient  secretion 
of  gastric  juice.  Finally,  one  might  point  out  in  this 
connection  that  the  whole  modem  menu,  though  founded 
on  instinct  to  a  large  extent,  is  so  constructed  as  to 
stimulate  the  different  components  of  appetite  and  thus 
ensure  a  maximum  secretion.  The  psychic  secretion 
only  occurs  when  the  vagi  are  intact ;  the  specific 
excitors,  however,  act  when  the  nerves  have  been 
divided,  hberating  a  chemical  substance  (gastrin),  which, 
passes  into  the  blood,  and  stimulates  the  cells  to  secrete. 
Hence  we  may  summarise  the  matter  and  say  that  the 
gastric  flow  is  started  by  a  nervous,  but  sustained  by 
a  chemical,  mechanism. 

The  Mechanics  of  Gastric  Digestion. 

The  food  on  being  swaUowed  is  detained  or  delayed 
for  a  short  time  at  the  cardiac  orifice,  this  being  particu- 
larly the  case  if  the  substance  swallowed  is  cold  or  of  a 
corrosive  or  irritant  character.    UsuaUy  the '  cardiac 
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sphincter  opens  with  each  act  of  swaUowing,  but  if 
several  weak  swallowing  actions  follow  one  another 
rapidly  It  may  only  open  every  third  or  fourth  time. 
On  the  other  hand,  should  the  swallowing  efforts  be  very 
strong  and  follow  one  another  in  rapid  succession,  the 
sphmcter  may  remain  open  some  considerable  time. 
After  the  food  has  entered  the  stomach  it  travels  along 
the  greater  curvature  to  the  pylorus,  and  is  then  reflected 
towards  the  fundus.    The  different  classes  of  food  do  not 
mix  much  in  the  stomach,  but  form  successive  layers 
(stratification).    The  bulk  of  the  food  ultimately  forms 
a  mass  round  which  the  fundus  contracts  tonically. 
SaUvary  digestion  continues  m  the  centre  of  this  mass 
for  at  least  two  hours  while  the  outer  portions  are  gradually 
dissolved  away  by  the  gastric  juice,  the  softened  outer 
portions  of  the  mass  being  squeezed  off,  and  propelled 
towards  the  pylorus  by  a  series  of  wave-Hke  contractions 
which  gradually  travel  towards  the  pyloric  sphincter. 
When  the  food  in  the  pyloric  canal  is  Uquid,  the  pylorus 
opens  periodically  to  allow  it  to  pass  into  the  duodenum  ; 
as  soon  as  the  content  of  the  duodenum  is  acid  the 
pylorus  closes  again,  and  remains  closed  until  such 
time  as  the  duodenal  contents  become  alkaline  and  the 
pyloric  canal  is  filled  with  acid  hquid  food.    The  impact 
of  solid  food  against  the  pylorus  causes  the  sphincter  to 
close  instantly  and  to  remain  closed  for  some  considerable 
time,  as  has  been  demonstrated  by  means  of  a  dry  starch 
and  bismuth  pill,  and  a  fluorescent  screen.    In  one 
observation  when  the  pylorus  was  opening  several  times 
per  minute,  after  being  struck  by  the  pill  it   did  not 
open  again  for  42  minutes. 

From  the  above  it  will  be  seen  that  the  stomach  consists  of  (1)  a 
cardiac  sphincter  or  inlet  which  opens  to  pressure,  but  closes  tightly 
to  cold  or  injurious  substances  (corrosive  irritants) ;  (2)  a  fundus 
which  contracts  tonically  rovmd  the  food,  in  which  saUvary  digestion 
continues,  and  whose  main  function  is  "to  feed";  (3)  the  pyloric 
canal ;  this  contains  acid  liquid  food  which  it  squirts  periodically 
through  (4)  the  pyloric  sphincter  or  outlet  to  the  stomach.  This 
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is  opened  by  an  acid, liquid  pyloric  content  associated  with  an  alkaline 
reaction  in  the  duodenum,  and  closed  by  an  acid  duodenal  content, 
or  by  solid  particles  in  the  pylorus. 

In  starvation,  the  stomach  exhibits  periodic  move- 
ments. The  movements  alternate  with  periods  of  rest, 
the  latter  lasting  for  IJ  to  2  hours  ;  the  movements  are 
easily  inhibited  psychically,  always  cease  just  prior  to 
taking  food,  and  can  be  stopped  instantly  by  the  intro- 
duction of  food  into  the  stomach,  or  duodenum. 

The  different  food-stuffs  escape  from  the  stomach  at 
different  rates,  carbohydrates  being  the  first,  and  proteins 
the  last,  to  leave,  and  upon  reaching  the  intestines 
further  changes  are  effected. 

Pancreatic  Digestion. 

In  the  small  intestine  the  acid  food  is  brought  into 
contact  with  the  secretions  of  (1)  liver,  (2)  pancreas, 
(3)  intestinal  mucous  membrane — the  succus  entericus — 
in  the  order  given. 

The  pancreatic  juice  is  an  alkaline,  colourless  fluid, 
which  rapidly  undergoes  decomposition  on  exposure  to 
air  ;  it  has  a  powerful  digestive  action  on  all  classes 
of  food  stuffs. 


Composition  of  pancreatic  juice 
Water. 

97-5— 98-5  % 


Solids  .. 
1-5— 2-5% 


^Organic 


/Trypsin 
Amylopsin 
Steapsin 
Rennin 


Leucin 
Tyrosine  . . 
\  Protein 


Ferments. 


Traces. 


Inorganic 


/  Chlorides, 
j  Phosphates. 
(Carbonates. 
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Action  on  Proteins. 

The  pancreatic  fluid,  the  proteolytic  enzyrae  of 
which  is  Trypsin,  converts  proteins  into  alkah-albumin, 
secondary  albumin,  peptone,  polypeptides,  and  amino- 
acids,  and  acts,  not  only  on  ordinary  native  proteins, 
but  also  on  the  more  insoluble  substances  such  as 
collagen,  elastin,  &c. 

Trypsin  is  a  substance  which  differs  from  pepsin  in 
that  (1)  it  acts  in  alkahne  instead  of  acid  medium,  (2)  it 
acts  more  powerfully  and  rapidly,  (3)  it  corrodes  away 
protein  while  pepsin  swells  it  up  and  bursts  it, 
(4)  it  acts  on  more  insoluble  proteins,  e.g.,  collagen, 
elastin,  &c.,  (5)  it  carries  the  action  further  than  pepsin, 
amino-acids  being  the  end  products  instead  of  peptones. 

Action  on  Carbohydrates. 

Pancreatic  juice  contains  a  ferment — ^Amylopsin — 
which  acts  on  starch  and  products  of  the  action  of  ptyalin 
on  starch,  converting  them  into  maltose  and  isomaltose. 
The  continual  action  of  pancreatic  juice  may  occasionally 
produce  a  small  amount  of  dextrose  as  well. 

Amylopsin,  like  ptyalin,  acts  in  an  alkaline  medium, 
but  is  more  powerful,  and  is  said  to  act  on  unboiled,  as 
well  as  boiled,  starch.  It  forms  the  same  intermediate 
products — soluble  starch,  erythro-  and  achroo-dextrin, 
and  maltose. 

Action  on  Fats. 

Pancreatic  juice  contains  a  fat-spUtting  ferment  or 
lipase,  known  as  Steapsin.  This  sphts  up  fat  into  its 
component  glycerine  and  fatty  acid,  the  latter  being 
either  emulsified  or  dissolved  in  the  bile,  or  combines 
with  an  alkaU  to  form  a  soap.  The  great  bulk  of  fat 
digestion  is  due  to  this  pancreatic  hpase. 


The  Physiology  of  Digestion, 


15 


Action  on  Milk. 

Pancreatic  rennin  converts  the  caseinogen  of  milk 
into  casein,  which,  together  with  the  lactalbumin  and 
lactoglobulin,  is  subsequently  converted  into  soluble 
peptone  by  the  trypsin. 

The  Seceetion  of  Pancreatic  Juice. 

It  is  highly  probable  that  secretion  of  the  pancreatic 
juice,  like  that  of  sahva  and  gastric  juice,  is  initiated 
by  a  psychic  stimulus  and  commences  before  the  actual 
taking  of  food.  The  psychic  effect  is  reinforced  by  a 
chemical  stimulus  arising  in  the  duodenal  mucous 
membrane  and  passing  direct  to  the  pancreatic  cells 
by  the  blood.  The  hydrochloric  acid  of  the  gastric 
juice  comes  in  contact  in  the  duodenum  with  a  substance 
called  prosecretin,  and  converts  it  into  secretin  ;  this 
passes  into  the  blood,  is  carried  to  the  pancreas,  and 
acts  as  a  specific  excitor  to  the  pancreatic  cells,  which 
secrete  pancreatic  juice,  which  is  poured  into  the 
duodenum.  The  juice  at  this  stage,  however,  has  little 
digestive  activity,  but  becomes  active  after  admixture 
with  the  succus  entericus  and  bile. 

Finally  the  secretion  of  pancreatic  juice  is  maintained 
by  specific  excitors  taken  in  with  the  food.  Of  these 
direct  specific  excitors  the  most  important  is  probably 
fat,  but  starch  is  also  probably  a  specific  augmentor 
of  the  ferments. 

Bile. 

Bile  is  a  reddish-green,  viscid,  alkaline,  bitter  substance 
with  a  somewhat  musty  smell.  It  readily  undergoes 
putrefaction  when  exposed  to  air.  Its  specific  gravity 
varies  from  1020-1030  according  to  the  method  by 
which  it  is  obtained.  Bile  may  be  the  pure  secretion 
of  the  liver  itself  or  may  be  mixed  with  the  secretion 
of  the  gall-bladder,  mucin,  &c.  Gall-bladder  bile  is  thick, 
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and  viscid,  has  a  high  specific  gravity,  and  is  rich  in  bile 
salts,  whereas  bile  taken  directly  from  the  liver  is  thin, 
has  a  low  specific  gravity,  and  contains  very  little  bile 
salt  indeed. 

The  approximate  composition  of  Bile  is  as  follows :  

Water 

85 -98  per  cent.  /'Bilirubin  ) 

Biliverdin    (  Bile  pigments 

Organic  . .  i  Sodium  Glycocholate  )  ^j.,  , 
Sodium  Taurocholate  J  "^"^ 


Solids 
2  -  15  per  cent. 


Cholesterin. 

Phosphates. 
Inorganic   -j  Carbonates. 

Chlorides. 


The  Uses  of  Bile. 

As  regards  the  uses  of  bile,  it  may  be  stated  in  general 
terms  that  it  probably  has  httle  direct  digestive  action, 
although  it  does  contain  a  •  weak  amylolytic  ferment, 
and  in  carnivora  and  man  a  proteolytic  ferment  as  well. 
The  chief  use  of  the  bile,  however,  is  to  act  as  a  lubricant 
and  to  activate  the  pancreatic  juice,  the  fat-spMtting 
ferment  of  which  has  its  activity  increased  at  least 
three-fold  by  the  addition  of  bile. 

This  activating  action  is  not  due  to  a  ferment,  but 
to  the  presence  of  bile  salts,  substances  which  also  play 
an  important  part  in  the  solution  of  the  oleic  acid,  in 
dissolving  out  cholesterin,  in  moistening  the  intestinal 
mucous  membrane  and  rendering  it  more  permeable 
to  fatty  substances. 

The  bile  salts,  also,  preserve  the  integrity  of  the 
epithehum  and  stimulate  peristalsis,  thus  acting  as  a 
natural  purgative ;  they,  moreover,  exert  a  mild  antiseptic 
action  on  the  contents  of  the  bowel.  Bile,  moreover, 
inhibits  gastric  digestion,  firstly,  by  neutraHsing  the 
acid  chyme,  and,  secondly,  by  the  bile  salts  combining 
with  the  proteoses  and  unaltered  native  protein,  to 
form  insoluble  bodies. 
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The  relation  of  the  bile  to  fat  is  thus  particularly 
interesting,  for,  not  only  does  it  assist  its  digestion  by 
increasing  the  activity  of  the  pancreatic  hpase  and  by 
inhibiting  the  gastric  juice,  but  it  also  dissolves  out 
oleic  acid  (which  is  supposed  to  form  a  loose,  easily 
dissociable  compound  with  the  amino  group  of  the 
bile  acids),  and  then,  subsequently,  becomes  a  solvent 
for  stearic  and  palmitic  acids  as  well.  Recent  experi- 
ments seem  to  show  that  as  much  as  50  per  cent,  of 
the  fat  of  a  meal  may  be  dissolved  by  the  bile.  Finally, 
by  lowering  surface  tension  and  increasing  the  per- 
meabihty  of  the  intestinal  wall  it  further  aids  absorption. 

The  Secretion  op  Bile. 

The  secretion  of  bile  is  peculiar  in  that  it  is  continuous 
and  not  intermittent,  and  that  its  constituents  are 
drawn  from  the  portal  blood,  where  the  pressure  is  very 
low.  In  the  intervals  of  digestion,  bile  is  stored  in  the 
gall  bladder  from  which  it  is  discharged  periodically 
into  the  bowel.  This  discharge  differs  with  different 
kinds  of  food,  and  is  regulated  by  the  same  laws  as 
those  which  govern  the  flow  of  the  other  digestive  juices. 
When  fasting,  no  bile  passes  into  the  bowel,  but  after 
taking  food  a  flow  begins  after  a  definite  time. 

This  discharge  into  the  gut  may  be  represented  graphically  by 
means  of  a  curve  which  is  found  to  be  characteristic  for  each  variety 
of  food.  After  a  meal  of  milk,  for  example,  the  curve  shows  three 
rises.  The  first  commences  after  an  interval  of  15  minutes,  reaches 
its  maximum  in  30  minutes,  and  is  completed  in  60  minutes.  The 
rise  is  due  to  the  passage  of  unchanged  milk  through  the  pylorus, 
the  fat  acting  as  a  stimulant  to  bile  secretion,  and  the  fall  is  due  to 
the  absence  of  the  fat  stimulus.  The  second  curve  is  the  largest, 
occupies  the  second  and  third  hours,  and  is  at  a  maximum  at  the 
end  of  the  second  hour.  It  corresponds  to  the  coagulation  of  the 
milk  in  the  stomach,  4,nd  its  separation  into  whey  and  clot.  The 
rise  is  due  to  the  stimulating  effects  of  the  products  of  digestion. 
The  third  rise  occurs  during  the  fourth  and  fifth  hours,  corresponding 
to J:_the^  digestion  of  the  casein,  and  is  due  to  the  stimulus  provided 
by  the  residue  of  gastric  digestion  escaping  from  the  stomach.  The 
curve  for  flesh  is  more  prolonged,  the  latent  period  being  about  41 
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The  presence  of  food  in  the  duodenum  and  its  reaction 
are  not  the  only  factors  which  determine  the  ejection  of 
bile,  for  acids  introduced  into  the  stomach  in  the  intervals 
of  digestion  and  allowed  to  pass  into  the  duodenum 
do  not  produce  a  flow.  Foods  such  as  raw  white  of  egg 
or  boiled  starch  do  not  cause  a  ilow  of  bile  on  direct 
introduction  into  the  gut,  but  fat,  or  the  products  of 
gastric  digestion,  do  cause  a  flow. 

^  Hence  we  may  say  that  bile,  like  the  other  digestive 
juices,  has  its  own  specific  excitors. 

The  secretion  of  bile  by  the  Hver  is  stimulated  by 
secretin,  as  in  the  case  of  the  pancreas. 

Intestinal  Digestion. 

The  succus  entericus  is  a  thin,  watery,  alkaline  fluid 
secreted  by  the  glands  of  Lieberkiihn  of  the  small  and 
large  intestines. 

Its  approximate  composition  is  as  follows : — 
Water,  about  98-5% 


/  Lactase. 
Amylase, 
Maltase. 


/Organic  Invertase. 


Erepsin. 
Arginase. 


Solids  ....  - 
about  1  -6% 


^  Enterokinase. 
Unorganic   . .    Salts,  chiefly  phosphates. 


This  secretion,  unhke  the  other  digestive  juices, 
is  not  secreted  to  any  extent  before  the  entry  of  food 
into  the  gut,  but  is  a  local  secretion  only  occurring  in 
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that  segment  of  gut  which  actually  contains  the  food 
or  is  just  about  to  receive  it.  Pancreatic  juice  or 
ferments  in  the  bowel  also  cause  a  copious  secretion 
of  succus  entericus  rich  in  kinase  and  in  ferments. 

The  functions  of  succus  entericus  may  be  divided 
into  digestive  and  mechanical. 

(1)  Digestive. — Succus  entericus  has  a  direct 
digestive  action  in  virtue  of  the  ferments  which  it 
contains,  (a)  On  carbohydrates  :  Its  maltase  converts 
maltose  into  dextrose  ;  its  lactase  (found  only  in  the 
jejunum)  converts  lactose  into  dextrose  and  galactose ; 
the  amylase  found  in  the  duodenum  converts  starch 
into  maltose  ;  while  cane  sugar  is  converted  into  dextrose 
and  Isevulose  by  invertase.  (b)  On  fats  :  Succus  entericus 
contains  a  Hpase,  which  has  the  power  of  acting  on 
emulsified  fat  such  as  occurs  in  milk.  It  has  been 
calculated  that  in  the  absence  of  pancreatic  juice  about 
50  per  cent,  of  ingested  fat  can  be  absorbed  in  virtue 
of  the  intestinal  lipase,  (c)  On  proteins  :  Succus  entericus 
acts  on  protein  directly  in  virtue  of  its  proteolytic  ferment, 
and  indirectly  by  activating  the  proteolytic  ferment  of 
the  pancreas,  converting  the  zymogen  trypsinogen  into 
the  enzyme  trypsin.  The  erepsin  acts  on  proteoses  and 
peptones,  breakiag  them  down  into  crystalhiie  biuret-free 
substances.  Erepsiti  has  no  action  on  native  proteins 
except  on  casein.  As  regards  the  activating  action  of 
succus  entericus  on  trypsinogen  we  know  that  ordinary 
pancreatic  juice  obtained  by  secretin  has  little  action  on 
proteins,  only  dissolving  fibrin  after  from  four  to  six 
hours,  and  not  attacking  coagulated  egg-white  even  after 
ten  hours;  if,  however,  a  httle  succus  entericus  is  added, 
the  fibrin  is  dissolved  in  from  three  to  seven  minutes, 
while  coagulated  white  of  egg  is  digested  within  ten 
minutes.  It  is  believed  that  trypsin  is  preformed  in  the 
pancreatic  cells  as  a  prozymogen,  that  this  prozymogen 
becomes  the  zymogen  (trypsinogen)  as  it  is  discharged 
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from  the  cells  into  the  pancreatic  duct,  and  that  finally 
the  trypsinogen  is  converted  into  the  enzyme  (trypsin) 
by  the  enterokinase  of  the  succus  entericus.  Finally,  in 
this  connection,  one  might  point  out  that  the  weaker  the 
proteolytic  action  of  succus  entericus  itself,  the  stronger 
is  its  activating  action  on  the  pancreatic  secretion. 

(2)  The  Mechanical  Action  of  Succus  Entericus. 
— Irritants  introduced  into  the  bowel  result  in  the 
secretion  of  an  excessive  amount  of  watery  succus 
entericus,  the  object  of  which  is  to  flush  out  the  bowel 
and  thus  remove  mechanically  the  source  of  irritation. 

The  Movements  of  the  Small  Intestine. 

The  smaU  intestine  exhibits  three  distinct  kinds  of 
movement : — 

(o)  A  pendulum,  or  swaying,  movement. 

(&)  A  wave-Uke,  peristaltic,  propulsive  movement. 

(c)  A  swift,  vermicular  or  roll  movement. 

Of  these  three  movements  the  first  two  are  normal, 
while  the  third  only  occurs  under  abnormal  conditions. 

The  pendulum  movement  is  a  gentle  swaying  move- 
ment, made  up  of  narrowing  and  lengthening,  alternating 
with  shortening  and  widening  of  the  bowel.  These 
movements  are  repeated  rhythmically  in  the  same 
segment  of  gut  over  and  over  again.  Pendulum  move- 
ments occur  in  all  parts  of  the  small  intestine,  and  are 
most  obvious  when  the  bowel  is  distended  with  food, 
i.e.,  three  to  four  hours  after  ingestion.  The  movements 
are  most  energetic  in  the  upper,  and  least  energetic  in 
the  lower,  parts  of  the  bowel.  They  affect  successive 
segments  of  gut,  gradually  workmg  from  above  down- 
wards. The  contractions  occur  at  the  rate  of  about  ten 
to  twelve  per  minute  and  involve  both  the  circular  and 
longitudinal  muscle  coats. 

They  progress  at  the  rate  of  from  one  to  two  inches 
a  second,  complete  contraction  and  relaxation  occupymg 
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from  five  to  six  seconds.  The  object  of  the  pendulum 
movement  is  to  segment  or  break  up  the  food,  small 
particles  fusing  together,  large  particles  swaying  back- 
wards and  forwards  for  half  an  hour,  and  it  is  calculated 
that  each  mass  is  divided  and  redivided  about  1,000 
times  at  the  same  level  in  the  gut.  In  addition  to  this 
primary  purpose  for  the  pendulum  movement  there  is 
a  secondary  use  in  pumping  blood  through  the  mesenteric 
vessels,  and  chyle  through  the  lacteals.  The  peristaltic 
wave  may  be  described  as  a  localised  dilatation  im- 
mediately followed  by  a  constriction  which  travels  in  a 
wave-Uke  manner  down  the  bowel,  taking  from  two  to 
three  hours  to  travel  the  whole  gut.  The  rate  of  progress 
is  slower  during  fasting  than  during  digesting.  Peristalsis 
may  be  regarded  as  a  local  reflex  which  is  stopped  by 
the  application  of  nicotine  or  cocaine  to  the  circular 
muscle  coat.  Cannon  describes  two  kinds  of  peristalsis : — 

(1)  A  slow  advance  with  halts  and  segmentations. 

(2)  A  rapid  sweep  through  several  turns  of  gut 
without  a  halt.  This  variety  is  frequently  seen 
through  the  duodenum  and  follows  complete 
segmentation  of  the  food. 

The  roll  or  vermicular  movement  is  essentially 
protective  in  function  and  only  occurs  under  pathological 
conditions.  It  is  a  very  rapid  movement  which,  starting 
at  the  pylorus,  traverses  the  whole  gut  in  the  course 
of  a  minute.  It  may  be  produced  by  irritants  in  the 
bowel,  by  the  products  of  putrefaction — sulphuretted 
hydrogen,  skatol,  and  various  toxines  such  as  occur  in 
summer-diarrhoea.  It  is  also  produced  in  asphyxia  by 
the  action  of  carbon  dioxide,  and  frequently  occurs 
immediately  after  death. 

In  abdominal  operations  the  intestinal  movements 
are  markedly  afEected.  The  administration  of  ether  is 
followed  by  a  very  slow  discharge  of  food  from  the 
stomach  and  a  very  slow  passage  of  food  down  the  small 
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intestine.  If  the  bowel  is  allowed  to  cool  the  passage 
of  the  food  through  the  small  bowel  is  very  rapid.  If 
the  bowel  is  handled  all  movements  cease  for  at  least 
three  hours,  while  if  the  bowel  is  divided  and  then 
sutured,  if  the  operation  is  performed  on  the  upper  part 
of  the  small  gut,  nothing  at  all  is  aUowed  to  escape  from 
the  stomach  for  at  least  six  hours,  while,  if  the  operation 
is  done  lower  do^vn,  there  is  no  food  escapes  from  the 
stomach  for  two  hours,  but  it  is  delayed  in  the  upper 
part  of  the  small  intestine  for  many  hours.  In  other 
words,  the  time  during  which  the  movements  are  inhibited 
is  sufficient  for  the  parts  to  heal,  not  firmly,  but  sufficiently 
well  for  the  passage  of  food.  The  emotions  profoundly 
influence  the  intestinal  movements,  and  observations  on 
man  by  the  a;-ray  method  show  that  mental  worry  results 
in  stagnation  and  retention  of  food  in  the  stomach. 

Movements  of  the  Large  Intestine. 

When  the  remains  of  the  food  have  reached  the  large 
intestine  the  digestive  processes  have  practically  been 
completed.  No  digestive  juices  are  secreted  in  the 
large  intestine,  and  its  function  is  almost  entirely  receptive 
and  mechanical. 

The  large  intestine  is  generally  divided  into  proximal, 
mesial,  and  distal  segments.  In  man  the  proximal 
segment  is  said  to  consist  of  the  caecum,  the  ascending 
colon,  and  half  the  transverse  colon.  The  mesial  segment 
is  made  up  of  half  the  transverse  colon,  and  part  of  the 
descending  colon,  while  the  distal  segment  includes 
the  remainder  of  the  descending  colon  and  rectum.  In 
general  terms  one  may  state  that  the  content  of  the 
proximal  segment  is  fluid,  while  the  movement  exhibited 
is  an  anti-peristalsis  {i.e.,  from  transverse  colon  to 
caecum).  The  content  of  the  mesial  segment  is  con- 
sistent and  nodular,  and  its  movement  is  a  true  pro- 
pulsive peristalsis.  As  regards  the  last  of  the  segments 
its  upper  part  is  frequently  empty,  while  the  content 
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of  its  lower  part  is  nodular  and  consistent  and  under 
the  control  of  the  pelvic  nerves.    The  movements  of 
the  proximal  segment  are  relatively  feeble  and  alternated 
with  periods  of  rest.    Periods  of  activity  last  from 
two  to  three  minutes,  quiescent  periods  last  from  twenty 
to  thirty  minutes.    The  movements  are  feeble  but 
can  be  evoked  by  rectal  injections  of  gruel  made  of 
starch  paste  or  pea  flour  and  water.    If  bismuth  is 
mixed  with  these  substances  the  movements  may  be 
observed   on   a   fluorescent    screen.    After    the  anti- 
peristaltic movement  has  gone  on  for  some  time  so 
that  the  food  is  thoroughly  incorporated  with  the  digestive 
juices,  the  c£)ecum  contracts  periodically  and  propels  the 
liquid  food  along  the  proximal  colon.    Food  accumulates 
in  the  proximal  segment  till  it  extends  to  the  end  of  the 
region  of  anti-peristalsis.    The  contents  become  more 
consistent  owing  to   the  absorption  of    water,  anti- 
peristalsis    disappears,    while    a    circular  constriction 
appears  at  the  end  of  the  anti-peristaltic  region  and 
cuts  off  a  portion  of  the  mass  which  is  squeezed  off  into 
the  mesial  segment,  being  subsequently  driven  forwards 
by  true  peristalsis  and  hurried  on  until  it  reaches  the 
distal  segment,  where  it  remains  until  evacuation.  The 
onward  movement  through  the  colon  is  less  active  at 
night  than  during  the  day  time.    Normally,  the  ileo- 
caecal  valve  only  permits  the  passage  of  food  from  the 
small  to  the  large  intestine.    It  may,  however,  occasionally 
permit  a  passage  in  the  reverse  direction.    It  is  suppUed 
by  the  splanchnic  nerves  which  have  a  cell  station  in 
the  solar  plexus.     Breakfast  reaches  the  csecum  in 
about  four  and  a  half  hours,  the  hepatic  flexure  in  six 
and  a  half  hours,  the  splenic  flexure  in  nine  hours,  the 
iliac  colon  in  eleven  hours,  while  the  whole  journey 
should  be  completed  in  eighteen  hours. 
Absorption  of  Food  Products. 

At  this  point  it  may  be  useful  to  briefly  summarise 
our  knowledge  with  reference  to  the  absorption  of  the 
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products  formed  during  the  various  processes  of  diges- 
tion. 

The  stomach  can  absorb  alcohol  but  not  water. 
It  can  also  absorb  certain  substances  slowly  from  dilute 
alcohoHc  solution.  Peptones  can  only  be  absorbed  to 
a  very  slight  extent  from  the  stomach. 

In  the  intestines  salts  and  water  are  absorbed 
unchanged. 

Carbohydrates  are  carried  to  the  tissue  mainly  as 
dextrose  or  levulose  which  are  the  final  sugars  formed 
by  the  action  of  the  ferments  of  the  intestinal  glands, 
and  are  the  only  sugars  which  are  directly  assimilable 
when  injected  into  the  blood  stream.  They  pass  into 
the  blood,  not  into  the  lymph. 

In  the  small  intestine  the  peptones,  which  are  the 
results  of  protein  digestion,  are  further  split  up  by  the 
trypsin  into  amino-acids  (leucin,  tyrosin).  As  such 
they  are  taken  up  and  reconstructed  by  the  cells  of  the 
mucous  membrane  of  the  intestines,  where  they  are 
finally  transformed  into  tissue-proteins  of  the  nature 
of  the  particular  tissue  of  which  they  are  destined  to 
become  an  integral  part.  If  proteins  are  given  in  an 
amount  more  than  is  required  for  the  repair  of  the  body 
tissues,  or  if  with  the  protein  an  insufficient  quantity 
of  "  Protein-sparers,"  such  as  carbohydrate  and  fat,  be 
taken,  then  a  portion  of  the  protein  undergoes  what  has 
been  termed  "  denitrification."  By  this  process  the 
nitrogen-containing  part  of  the  molecule  is  spHt  off, 
leaving  the  carbonaceous  moiety  to  be  utilised  as  a 
source  of  heat  and  energy,  which  is  a  metabolic  state 
to  be  avoided  on  account  of  the  excessive  work  the 
digestion  of  proteins  entails.  It  is  in  this  way  as 
"  protein-sparers,"  and  not  as  foods,  that  many  beef 
extracts,  on  account  of  the  albuminoids  they  contain, 
may  be  of  service. 

The  fat  which  has  been  saponified  by  the  pancreatic 
juice  is  taken  up  as  soap  by  the  cells  of  the  mucous 
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membrane  of  the  intestines  and  passed  into  the  lymphatic 
channels,  to  be  conveyed  by  the  thoracic  duct  into 
the  general  blood  stream  and  then  to  the  tissues  of  the 
body.  The  process  is  the  same  whatever  fat  is  given  ; 
there  is  no  attempt  by  the  intestinal  epithelium  to 
reconstruct  the  fat  into  a  substance  of  uniform  com- 
position, with  the  result  that,  unlike  what  happens  in 
the  case  of  proteins,  the  chemical  characters  of  the  fat 
taken  influence  the  variety  of  fat  stored  in  the  body. 
Fat  itself  can  be  also  absorbed  at  a  slow  rate. 

The  absorptive  power  of  the  large  intestine  for  peptone, 
glucose,  alcohol,  salts,  and  water  is  good,  whereas  albu- 
minoids are  probably  not  absorbed  at  all,  and  fats  but 
imperfectly.  Certam  foodstuffs  when  introduced  into 
the  large  intestine  are  taken  up  and  are  capable  of  sup- 
porting the  body  for  a  limited  period  without  any 
appreciable  loss  of  weight.  The  addition  of  a  pinch  of 
salt  to  a  nutrient  enema  promotes  its  absorption  by 
facihtating  its  diffusion  and  possibly  by  exciting 
peristalsis. 

Rectai.  Feeding. 

The  precise  mechanism  by  which  food  administered 
by  the  bowel  is  absorbed  is  not  definitely  estabhshed,  for, 
so  far  as  is  known,  the  colon  secretes  no  digestive  ferments! 
Some  writers  are  of  opinion  that  reverse  peristalsis  is  set 
up  thus  forcing  the  food  through  the  ileo-csecal  valve 
to  be  digested  by  the  juices  of  the  smaU  intestine,  whilst 
others  beheve  that  the  true  explanation  Hes  in  some 
exceptional  pecuUarity  of  absorption.  Rectal  ahmenta- 
tion  IS,  at  the  best,  but  an  ineffectual  and  temporary 
substitute  for  mouth  feeding. 

Micro-organisms  in  the  Alimentary  Canal. 

In  addition  to  the  changes  produced  in  the  food  by 
the  digestive  enzymes,  certain  changes  are  also  produced 


26 


Alimentary  Enzymes. 


by  the  micro-organisms  present  in  the  alimentary  canal, 
and  introduced  via  the  mouth.  These  organisms  act 
chiefly  in  the  lower  end  of  the  small,  and  in  the  large, 
intestine. 

Organisms  taken  in  with  the  food  are  first  attacked 
by  the  leucocytes  formed  by  the  lymphoid  tissue  of  the 
tonsils  and  pharyngeal  tonsils.  Those  that  escape  enter 
the  stomach,  and  there,  in  the  presence  of  warmth,  and 
moisture,  proliferate  and  act  on  any  sugars  present, 
sphtting  them  up  into  lactic  and  acetic  acids,  &c.  Very 
soon,  however,  the  acidity  of  the  gastric  juice  increases 
and  stops  their  action.  The  acid  chyme  is  periodically 
squirted  into  the  duodenum  where  it  is  rapidly  neu- 
trahsed  by  the  bile  and  pancreatic  juice.  As  soon  as  the 
intestinal  contents  become  alkahne,  acid-forming 
organisms  grow  again  and  spUt  up  sugar  into  acids 
(lactic,  acetic,  &c.),  so  that  the  reaction  of  the  gut  again 
becomes  acid  towards  the  lower  end  of  the  small,  and 
the  upper  end  of  the  large,  intestine. 

The  fluids  secreted  by  the  mucous  membrane  once 
more  render  the  contents  alkaline,  and  in  this  alkaline 
medium  organisms  grow  rapidly,  attacking  any  unaltered 
protein  present,  and  breaking  it  down  into  substances 
such  as  indol,  skatol,  phenol,  sulphuretted  hydrogen,  &c. 
Many  of  these  are  poisonous  bodies  which  pass  into  the 
blood  and  combine  with  inorganic  sulphates  in  the 
Uver  to  form  harmless  bodies,  such  as  iadoxyl  or 
skatoxyl,  sulphate  of  potassium  or  sodium,  which  are 
excreted  in  the  urine.  Cellulose,  and  indigestible  carbo- 
hydrates, are  spht  up  into  methane,  carbon  di-oxide,  and 
water,  while  lecithin  is  digested  as  glycero-phosphoric  acid 
and  choline,  the  latter  being  a  poisonous  alkaloidal  body 
which  is  broken  up  by  bacteria  into  harmless  substances 
— methane,  carbon  di-oxide,  and  water. 

The  presence  of  carbohydrates  m  any  portion  of  the 
ahmentary  canal  is  beheved  to  exert  a  restraiamg  in- 
fluence upon  the  multiplication  of  the  bacteria  which 
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most  rapidly  decompose  protein  substances.  The  whole 
subject,  though  full  of  interest,  and  of  greater  importance 
than  is  usually  supposed,  is  too  complex  for  discussion 
here,  but  the  relation  of  bacteria  to  infantile  diarrhoea 
may  be  briefly  referred  to. 

Bacteria  and  infantile  diarrhcea. 

This  subject  has  received  a  large  amount  of  attention, 
especially  by  medical  officers  of  health,  and  statistics  con- 
clusively prove  that  diarrhoeal  disease  is  far  less  prevalent 
amongst  breast-fed  infants  than  amongst  the  bottle-fed. 
The  general  opinion  now  held  is  that  the  disease  is  usually, 
if  not  exclusively,  caused  by  the  specific  infection  of  the 
infant's  food,  but  the  specific  organism  has  not  been 
definitely  identified.  It  is  probably  a  bacillus  allied 
to  the  bacillus  enteritidis  of  Gaertner,  which,  outside  the 
human  body,  may  be  found  in  excremental  matter. 
Opinions  differ  as  to  whether  the  specific  bacteria  get 
into  milk  during  the  act  of  milking  or  whether  they  get 
in  during  the  time  the  milk  is  kept  in  uncovered  vessels 
in  uncleanly  houses.  Pasteurising  or  boiling  milk 
undoubtedly  kills  the  bacteria,  and  infants'  food  prepared 
with  such  previously  heated  milk  is  much'  less  likely  to 
cause  autumnal  diarrhoea  than  milk  which  has  not  been 
80  treated.  Attention  to  this  detail  and  to  the  thorough 
scalding  and  cleansing  of  all  vessels  in  which  infants' 
food  is  prepared  or  stored  will  do  much  to  reduce  the 
mortahty  from  diarrhoeal  diseases. 


CHAPTER  II. 
ON  MILK  AND  CREAM  FOR  USE  IN 
INFANT  AND  INVALID  FEEDING. 

The  great  value  of  a  satisfactory  milk  supply  is 
universally  recognised  by  medical  men,  but  it  is  unfor- 
tunately the  case  that,  especially  in  our  large  towns, 
there  is  considerable  room  for  improvement,  and,  whilst 
a  clean  milk  of  good  average  composition  is  desirable 
for  all,  it  is  of  the  utmost  importance  to  the  young, 
the  weak  and  the  ailing,  where  the  natural  powers  of 
digestion,  assimilation,  and  resistance  to  noxious  germs, 
&c.,  are  deficient. 

Care  should  therefore  be  taken  that  the  milk  used  is  of 
good  quality,  clean,  free  from  preservatives  and  colouring 
matter,  and  of  the  characteristic  odour  and  nutty  flavour 
of  milk  from  healthy,  well-fed  cattle. 

PfiESERVATIVEa  IN  MiLK. 

It  is  important,  for  obvious  reasons,  that  the 
milk  should  be  free  from  preservatives,  the  most  usual 
of  which  are  Boric  Acid,  Borax  (often  a  mixture  of 
these),  and  Formic  Aldehyde. 

The  following  table  shows  the  action  of  these  on  the 
activity  of  the  respective  digestive  enzymes. 


Ptyalin, 

Pepsin. 

Trypsin. 

Pancreatic 
Diastase. 

Borio  Aoid. 
Borax, 

Formic  Aldehyde 
1  in  50,000. 

Retards. 
>• 

Retards. 
»» 

ft 

Retards. 

f     up  to  2%  ) 
■1    accelerates  > 
(,      activity  j 

Retards. 

Retards. 
>> 

"  The  Public  Health  (Milk  and  Cream)  Eegulationa,  1912,"  made  recentlj'  by  the 
Tjocal  Government  Board  came  into  effect  as  from  October  1st,  1912. 

The  addition  of  any  preservative  substance  to  milk  intended  for  human  con- 
sumption and  the  sale  or  exposure  for  sale  of  preserved  milk  is  prohibited. 

Restrictions  are  placed  on  the  use  of  preservatives  in  cream,  it  not  being  per- 
missible, where  cream  is  intended  for  sale  for  human  consumption,  for  anyone  to 
add : — 

(a)  any  thickening  substance  to  cream  or  preserved  cream  ; 

(b)  any  preservative  substance  to  cream  containing  less  than  35  per  cent,  by 

weight  of  milk-fat ; 

(c)  to  cream  containing  35  per  cent,  or  more  by  weight  of  milk-fat  any 

preservative  substance  other  than  (i)  boric  acid,  borax,  or  a  mixture  of 
those  preservative  substances ;  or  (ii)  hydrogen  peroxide. 
The  addition  of  preservatives  must  be  declared. 
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Up  to  1  per  cent,  boric  acid  has  only  a  slight  retarding 
action. 

Borax. — The  retarding  action  of  borax  on  ptyalin, 
pepsin,  and  aniylopsin  is  directly  proportionate  to 
the  amount  present.  The  increased  activity  shown 
by  trypsin  is  probably  due  to  the  alkalinity  of  the  borax. 

Formic  Aldehyde  in  higher  percentage  will  destroy 
the  action  of  the  ferments  entirely. 

Preservatives  therefore  hinder  the  peptonising  or 
predigestion  of  milk,  and  consequently  interfere  with  the 
ferments  in  Benger's  Food. 

Flavoues  op  Milk, 

Milk  is  Hable  to  vary  in  flavour  from  various  causes, 
and  the  whole  subject  has  been  admirably  dealt  with  by 
Mr.  James  Long,  in  an  article  entitled  "  The  Flavours  of 
Cows'  Milk,"*  and  to  this  article  we  are  indebted  for  the 
following  information  upon  this  Httle  understood  but 
important  subject. 

Invalids  are  particularly  prone  to  detect  any  unusual 
flavour  in  a  milk  food,  and  this  may  render  it  unappetiz- 
ing or  even  nauseating.  It  follows,  therefore,  that  any 
milk  which  shows  the  shghtest  departure  from  the  normal, 
either  in  odour  or  taste,  should  not  be  given  to  invahds 
or  used  for  preparing  invahds'  food.  The  same  applies 
to  the  food  of  infants. 

The  flavours  communicable  to  milk  are  chiefly  due  to 
one  or  other  of  the  following  causes  : — 

(1)  The  breed  of  cattle  and  to  different  strains  of 

the  breed. 

(2)  To  dry  rations,  or  rations  of  dry  cakes,  meal, 

hay,  and  straw,  to  which  certain  succulent  foods 
are  added. 


*  Copies  of  the  complete  article  may  be  obtained,  free  of 
on  application  to  Benger's  Food,  Ltd.,  Manchester. 
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(3)  To  herbage  in  which  certain  plants  are  mixed 

with  the  grasses  and  clovers. 

(4)  To  uncleanliness. 

(5)  Substances  added  as  preservatives. 

Flavour  may  be  imparted  by  imhealthy  cows  which 
should  be  excluded  from  the  herd  under  all  conditions. 
There  is  reason  to  beHeve  that  the  richest  milk  is  best, 
imparting  more  of  the  flavour  of  the  hazel  nut  to  the 
palate.  The  fact  can  be  readily  demonstrated  by  com- 
paring the  flavour  of  the  milk  from  a  Jersey  cow  with 
that  from  an  average  cow. 

There  are  many  foods  which  play  a  conspicuous  part 
in  imparting  flavour  to  meat  and  milk. 

Linseed  cake,  which  is  rich  in  oil,  is  used  by  many 
farmers  for  the  reason  that  it  maintains  condition  and  is  a 
useful  laxative,  but  it  is  well  known  that  it  detracts  from 
the  flavour  of  the  milk,  for  the  production  of  which  it  is 
employed.  The  fat  of  milk — which  consists  to  the  extent  of 
80  per  cent,  of  olein,  palmitin,  and  myristin — also  contains 
certain  fatty  acids  such  as  capric,  caproic,  and  butyric. 
When  fat  decomposes — and  we  know  this  fact  too  well 
in  the  case  of  rancid  butter — it  is  split  up  into  fatty 
acids,  which  play  an  important  role  and  probably  give 
rise  in  some  circumstances  to  bad  flavour  in  milk.  There 
is  an  organism  which  its  discoverer,  Freidenreich,  has 
named  Clostridium  foetidum  lactis,  which  develops  a 
somewhat  disgusting  odour,  and  is  recognised  in  a 
variety  of  cheese  known  as  Limburg.  Indeed,  there 
are  many  species  of  bacteria  which  are  responsible  for 
similar  results,  and  it  is  of  the  highest  importance  that 
perfect  cleanliness  should  be  observed  in  all  that  relates 
to  milk  production  and  distribution. 

There  is,  again,  a  cause  for  fll  flavour  in  milk  in  the 
fact  that  the  teat  of  the  udder  is  not  always  emptied, 
and  that,  in  consequence,  it  is  infected  with  bacteria. 
It  was  found  by  Schulz  that  in  the  fore  milk,  i.e.,  the 
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first  dra^vn,  80,000  bacteria  were  found  in  a  cubic 
centimetre,  whereas  the  last  drawn  was  almost  sterile. 
The  first  milk  should  never  be  passed  into  the  pail ;  nor 
should  the  cow  stand  where  manure  can  easily  reach  the 
teats,  and  so  through  the  hand  of  the  milker  the  milk 
itself.  There  is  no  greater  source  of  contamination 
than  the  coat  of  the  cow.  Some  milk  reformers  recom- 
mend that  every  cow  should  be  daily  groomed,  but 
though  the  proposal  is  excellent  it  cannot  prevent  con- 
tamination. Those  parts  of  the  coat  which  are  touched 
by  the  milker  should  be  sponged  with  the  cleanest  water 
before  milking,  so  that  no  particle  of  dirt  and  no  living 
germ  upon  it  may  fall  into  the  pail. 

It  is  a  well-recognised  fact  that  cows  which  have 
been  milking  for  a  long  period  of  time  produce  cream 
(where  the  cream  is  skimmed),  which  is  difficult  to  churn 
and  which  is  hitter  on  the  palate.  This  is  now  known 
to  be  owing  to  the  fact  that  the  milk  contains  bacteria 
of  various  species  which  have  been  separately  foimd 
by  a  number  of  bacteriologists,  including  Conn,  Weigmann, 
and  Freidenreich.  The  bacillus  of  Weigmann  has 
been  obtained  from  sweet  milk,  and  according  to 
Swithinbank  and  Newman,  it  has  produced  a  bitter 
taste  in  sterilised  milk  in  twenty-four  hours.  While 
it  produces  butyric  acid,  it  fails  to  digest  casein.  In 
the  opinion  of  Weigmann  the  bitter  taste  was  owing 
to  the  decomposition  of  the  casein  and  albumen.  In 
the  bacilli  known  as  the  Hay  group  the  majority  appear 
to  possess  the  power  of  producing  bitter  flavour,  both 
in  the  milk  and  its  products.  This  flavour  may  be 
entirely  destroyed  by  cleanly  habits  throughout  the 
processes  of  which  dairy  work  consists,  in  spite  of  the 
fact  that  it  may  have  been  going  on  for  years.  Milk 
occasionally  has  a  soapy  flavour,  which  is  most  disagree- 
able, it  may  be  dealt  with  similarly  with  the  best  results. 

Finally,  we  may  sum  up  the  question  in  a  few  words 
by  remarking  that  the  two  chief  causes  of  the  introduction 
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of  flavour  which  is  disagreeable  are  unfriendly  bacteria, 
obtaining  an  entrance  into  the  milk  through  unclean- 
liness  of  the  animals,  workers,  utensils,  or  water,  and 
plants  eaten  by  cows  which  possess  the  property  of 
flavouring  milk  in  a  disagreeable  way.  Among  these 
we  may  notice  especially  Camomile,  Tansy,  Spurge, 
Stinking  Hellebore,  Wood  Anemone,  Wild  Radish, 
Hemlock,  Marsh  Pennj^vort,  Garlic,  Mustard,  Corn 
Mint,  Butterwort,  Crow  Garlic,  Broad-leaved  Garlic, 
and  Horse-tail.  The  neck  of  the  Swede,  sour  grains, 
sour  ensilage,  are  also  imtrustworthy  foods  where  it  is 
essential  to  produce  an  article  of  the  purest  type,  and  these 
are  amongst  the  most  flagrant  causes  of  flavour,  especially 
the  ensilage. 

WTiere  milk  is  scalded,  or  Pasteurised,  a  change 
in  the  flavour  is  perceived  when  it  reaches  175°  to 
180°  Fah.  If,  however,  milk  is  heated  in  a  closed  vessel 
placed  in  a  water  bath,  the  change  in  flavour  is  deferred. 
In  scalding  milk  to  prevent  an  unpleasant  flavour,  the 
water  in  the  jacket  should  be  cold,  then  brought  to  boiling 
point  for  a  few  minutes.  The  milk  when  heated  to  the 
required  temperature  should  be  removed,  and  quickly 
cooled  by  placing  the  vessel  holding  it  in  cold  water,  but 
the  lid  should  not  be  removed  during  any  portion  of  the 
process.  When  cooled  the  milk  may  be  aerated  by 
stirring  it  well. 

There  are  some  causes  which  affect  the  nutrient 
materials  in  milk  which  may  have  some  weight  in  relation 
to  its  flavour.  The  milk  of  the  evening,  e.g.,  4  p.m., 
contains  much  more  fat  than  the  milk  of  the  morning, 
6  a.m.,  while  the  milk  produced  between  April  and 
August  contains  less  fat  than  at  other  times. 

Composition  of  Milk, 

The  composition  of  milk  varies  within  Hmits,  and 
most  often  in  the  amount  of  fat.  In  milk,  as  deUvered 
to  the  consumer,  we  find  that  the  fat  may  vary  from  3'  1 
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to  4  per  cent.,  but  the  average  of  a  considerable  number 
of  estimations,  made  in  our  laboratory,  of  milk  from  a 
variety  of  sources  is  3  •  5  per  cent. 


AVERAGE   COMPOSITION  IN  PARTS 
PER  100  OF 


Human 
Milk 

Average 
Cow's  Milk 

One-third 
Cow's  Milk 
Two-thirds 
Water 

HaU  Cow's 

Milk, 
Half  Water 

Casein  ] 

Lact-        [  Proteins 

albumin  ) 

Ash  

1  to  2 

3  to  4 
6  to  7 
0-1  to  0-2 
90  to  87 

3-40 

3-  50 

4-  75 
0-70 

87  -65 

1-13 

1-17 
1-58 
•23 
95-89 

1-70 

1-  75 

2-  38 
•35 

93  -82 

lOO-ltolOO-2 

100  -00 

100  -00 

100  -00 

Calories  per  100 

grammes 

56 -6  to  74-1 

66 

22 

33 

Calorics  per  ounce  . . 

16  to  21 

18-70 

6-25 

9-35 

The  protein  of  Cow's  and  Human  Milk  is  composed 
mainly  of  caseinogen  and  lactalbumin.  In  Cow's  Milk 
the  lactalbumin  forms  about  one-sixth  of  the  total  pro- 
tein. Authorities  vary  widely  with  regard  to  the  pro- 
portion in  Human  Milk;  but  one-third  of  the  total 
protein  may  be  taken  as  about  the  proportion  of  lactal- 
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bumin  present ;  some  say  one-third  of  the  total  protein 
is  lactalbumin,  others  two-thirds. 

Cream. 

When  milk  is  centrifugaHsed,  or  allowed  to  stand  for 
a  few  hours,  the  fat  globules,  being  of  less  specific  gravity 
than  the  fluid  in  which  they  float,  tend  to  rise,  and  can  be 
separated  from  the  milk  below. 

If  separated  by  means  of  a  centrifugal  machine,  it  is 
usually  bottled  and  sold  as  "  dairy  cream,"  whilst  the 
ordinary  home-made  cream  is  spoken  of  as  "gravity 
cream." 

Cream  represents  milk  with  the  normal  amount  of  fat 
increased,  mainly  at  the  expense  of  the  water  removed  in 
the  process  of  obtaining  it.  There  is  no  official  standard 
for  cream.  Cream  as  sold  in  the  shops  and  obtained  by 
means  of  a  centrifugal  machine,  would  have  a  distinct 
advantage  if  it  could  always  be  obtained  fresh  and  free 
from  preservatives,  since  it  can  be  separated  so  quickly 
from  new  milk  that  bacteria  have  no  time  to  multiply 
and  cause  any  change  in  the  milk. 

The  amount  of  proteins  and  sugar  present  in  cream 
is  very  much  the  same  as  in  cow's  milk,  but  the  fat  varies. 

In  our  laboratory  we  have  found  that  representative 
specimens  of  market  cream,  in  bottles,  from  different 
sources,  and  described  as  Cream,  Special  Cream,  and 
Double  Cream,  contained  from  41  to  50  per  cent,  of  fat, 
the  average  being  about  45  per  cent.  They  generally 
contained  preservatives,  and  there  was  no  possibihty  of 
ascertaining  how  long  they  had  been  kept. 

Where  it  is  desired  to  use  "  market "  or  "  shop  " 
cream  in  the  formulae  given  in  the  schedule  following 
page  69,  it  must  be  added  in  smaller  amount  or  diluted 
so  as  to  contain  approximately  20  per  cent,  of  fat, 
which  is  the  average  found  in  "gravity"  cream,  but  its 
^se  is  not  recommended. 


"  C/pper  "  or  "  Top  "  Milks. 
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To  obtain  "  gravity  "  cream,  set  aside  in  a  cool  place 
(55°  Fah.)  fresh  cows'  milk  in  a  shallow  vessel  covered 
with  a  piece  of  clean,  washed  muslin  or  linen. 

Allow  to  stand  undisturbed  for  six  hours,  then  remove 
the  upper  one-tenth,  either  by  skimming  or,  if  a  Gourmet 
separator  is  used,  by  pouring  ofP  the  lower  nine-tenths. 

If  a  pint  of  milk  has  been  set  aside,  it  should  yield  two 
fluid  ounces  (four  tablespoonfuls)  of  good  cream,  if  the 
milk  is  of  average  quality. 

The  following  table  shows  the  average  percentage  of 
fat,  found  in  a  series  of  estimations,  in  the  upper  one- 
tenth  of  ordinary  cows'  milk  set  aside  for  four,  six,  eight 
hours,  and  overnight. 


Pbbohntaob  ov  Fat  ik  Original  Milk,  3  -5. 


4  hours. 

6  hours. 

8  hours. 

Overnight. 

Upper  1/lOths    , .    . . 
Lower  Q/lOths 

Per  cent. 
15-30 
2-21 

Per  cent. 
19  -70 
1-74 

Per  cent. 
20-84 
1-58 

Per  cent. 
23-71 
1  -28 

The  portion  removed  should  be  well  stirred  and  care 
taken  to  keep  it  in  good  condition  until  required. 

In  many  cases,  however,  instead  of  using  mixtures  of 
cream  and  diluted  milk  it  is  preferred  to  use  what  may. 
be  called  "  upper  "  or  "  top  "  milk. 

If  milk  is  set  aside  undisturbed,  the  fat  gradually 
rises,  and  the  "  upper  "  portion  will  be  richer  in  fat  than 
the  "  lower."  By  removing  varying  portions  of  this 
"  upper  "  milk  at  the  end  of  a  definite  length  of  time, 
milk  of  any  required  degree  of  richness  in  fat  can  be 
obtained. 

The  use  of  "  upper "  milk  in  infant  feeding  has 
found  favour  with  some  medical  men,  more  especially  in 
the  United  States  of  America  where  it  appears  to  be 
used  extensively. 
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Average  percentage  of  Fat  in  different  portions  of 

AVERAGE  Cows'  MILK  (3  "5  ^  FAT)  AFTER  STANDING 
UNDISTURBED  THE  LENGTH  OF  TIME  INDICATED. 


Average 
percentage 
of  fat 

found  in 
four  hours. 

Average 
percentage 
OX  xau 
found  in 
six  hours. 

Average 
percentage 

nf  fa  f 
OI  LaiU 

found  in 
eight  hours. 

Average 
percentage 

of  fat 
found  after 

standing 
overnight. 

per  cent. 

per  cent. 

per  cent. 

per  cent. 

Upper  two-thirds 

4.42 

4-64 

4-62 

4.8 

Lower  one-third . . 

1-70 

1.51 

1.29 

0.96 

Upper  half  .... 

6.08 

6.48 

6-6 

5.88 

Lower  half  .... 

1-90 

1.67 

14 

116 

Upper  one-third . . 

6-42 

6.93 

7-28 

7.70 

Lower  two-thirds 

2-02 

1.76 

1.62 

1.37 

Upper  quarter 

7-90 

9.03 

9.49 

10.18 

Lower 

three-quarters 

2.00 

1.68 

1.66 

1.30 

Upper  Milk. 
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The  table  on  page  36,  which  is  based  on  some  600 
estimations  of  fat  in  various  portions  of  a  large  number 
of  samples  of  milk,  after  standing  varying  lengths  of 
time,  shows  the  percentage  of  fat  which  may  be  taken  to 
be  present  in  the  portions  mentioned,  after  standing  the 
length  of  time  indicated.  Milk,  as  is  well  known,  is  very 
Uable  to  change,  and  for  this  reason  it  is  preferable  to 
use  upper  milks  which  have  stood  the  shorter  periods. 
This  is  especially  the  case  in  warm  weather  where  there 
is  no  refrigerator  available.  The  figures  show  that  there 
is  practically  no  advantage  gained  by  allowing  the  milk 
to  stand  more  than  four  hours,  unless  a  very  rich  milk 
is  required. 

How  TO  Obtain  "  Upper  "  Milk. 

Set  aside,  undisturbed,  in  a  cool  place,  fresh  cows* 
milk  at  a  temperature  of  from  50°  to  60°  Fah. — preferably 
at  55°  Fah. — in  a  clean  vessel  covered  with  a  piece  of 
washed  musUn  or  hnen.  At  the  end  of  the  desired  length 
of  time,  any  portion  of  the  milk  may  be  obtained  in 
several  ways  : — 

(1)  By  syphoning  off  the  remaining  lower  portion. 

(2)  By  the  use  of  an  earthenware  separator  which 
allows  the  lower  portion  of  the  mOk  to  be  poured  off, 
leaving  the  "  upper  "  in  the  vessel,  e.g.,  the  Gourmet 
separator,  which  can  be  obtained  from  furnishers  of 
household  utensils. 

Fig.  1  Fig.  2. 


0 


38 


Alimentary  Enzymes. 


(3)  By  taking  off  the  portion  required  with  a  dipper. 
The  one  illustrated  (Fig.  1)  was  devised  by  Dr.  Chapin, 
of  New  York,  and  holds  one  fluid  ounce.  We  have  found 
a  cheap  tablespoon,  with  the  handle  bent  at  a  right 
angle,  answer  very  well  (Fig.  2). 

The  upper  milk  to  be  used  should  be  well  stirred, 
and,  if  not  for  immediate  use,  should  be  kept  in  a  cold 
place. 

Whey. 

This  is  a  milk  product  frequently  found  useful  as  a 
food  for  invalids  and  infants,  or  for  preparing  such  foods. 
It  is  really  milk  from  which  most  of  the  fat  and  protein 
matter  have  been  removed. 

It  is  the  slightly  turbid  fluid  which  separates 
when  warm  milk  curded  by  the  addition  of  the  rennet 
enzyme  is  allowed  to  stand  or  is  broken  up. 

Experiments  carried  out  by  Schloss,  at  the  Research 
Laboratory  of  the  Board  of  Health,  New  York,  reported 
in  the  "Archives  of  Pedriatics,"  1909,  page  438,  show 
that  from  70  to  80  per  cent,  of  the  bacteria  in  milk 
are  removed  by  the  clot  formed  by  rennet  in  the  pro- 
duction of  whey. 

By  the  action  of  Rennet  the  caseinogen  of  the  milk 
is  split  up  into  insoluble  protein  (casein),  whey  protein, 
produced  from  the  decomposition  of  the  caseinogen,  and 
the  lactalbumin  remaining  in  solution.  If  the  curd  is 
simply  broken  and  the  whey  strained  off  the  greater 
portion  of  the  fat  of  the  milk  remains  in  the  curd,  and 
such  a  whey  would  contain  approximately  : — 

Protein    OS 

Fat    0.2 

Sugar    4-70 

Salts   0  65 

Water   •   93-65 


Whey  in  Infant  Feeding. 
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If,  however,  the  curd  is  thoroughly  broken  up  with  a 
fork  and  the  whey  strained  through  a  piece  of  clean 
muslin,  and  the  curds  teased  out  in  the  muslin  by  screwing 
it  round,  there  is  a  little  increase  in  protein,  and  the 
fat  is  increased  to  from  1  to  2  per  cent.,  the  average 
found  by  estimation  being  1  •  5  per  cent. 

Benger's  Essence  of  Rennet,  or  CurdHng  Fluid,  was 
specially  prepared  to  meet  the  wish  of  the  late  Henry 
Ashby,  M.D.,  F.R.C.P.,  Physician  to  the  Children's 
Hospital,  Manchester,  for  a  curdling  fluid  to  be  used  for 
the  production  of  whey  for  use  in  infant  feeding. 

The  process  consists  simply  in  warming  one  pint 
of  milk  to  104°  F,,  then  adding  one  teaspoonful  of 
Benger's  Essence  of  Rennet,  Set  aside  for  five  minutes, 
then  beat  up  the  curd  thoroughly  with  a  fork  and  strain 
through  muslin.  If  the  whey  is  to  be  mixed  with  milk 
or  cream,  it  will  be  necessary  to  destroy  the  still  active 
ferment  in  the  whey  by  warming  it  to  165°  F.,  and 
keeping  it  at  that  temperature  for  ten  minutes.  If  a 
higher  temperature  is  used,  the  lactalbumin  is  coagulated. 

The  following  quotation  is  from  Dr.  Ashby's  article 
"  On  the  Value  of  Milk  Whey  in  Infant  Feeding  "  which 
appeared  in  the  "  Edinburgh  Medical  Journal "  for 
April,  1899  :— 

"  Whey  prepared  in  this  way,  with  or  without  an 
addition  of  2  or  3  drachms  of  milk  sugar  to  the  pint, 
makes  a  useful  food  for  newly-born  infants  who  have 
to  be  artificially  fed,  or  for  infants  who  suffer  from 
chronic  vomiting,  or  have  liquid,  green,  and  curdy 
stools.  They  will  gain  weight  and  be  more  comfortable 
than  when  taking  diluted  milk.  A  weak  '  humanised  ' 
milk  may  be  made  by  adding  10  oz.  of  fresh  milk 
and  \  oz.  of  milk  sugar  to  20  oz.  of  sterilised  whey. 
To  make  a  'humanised'  milk  more  rich  in  fat,  use 
*  top  milk '  in  the  same  proportion.  Let  a  quart  of 
fresh  milk  stand  in  a  covered  glass  jar  in  a  cold  place 
for  four  or  five  hours,  remove  the  upper  10  oz.  by 
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skimming,  add  this  to  20  oz.  of  sterilised  whey  with 
J  oz.  milk  sugar. 

"  If  these  mixtures  are  carefully  made  according  to 
directions,  perfectly  fresh  milk  of  a  good  average  quality 
being  used,  the  analysis  will  work  out  something  like 
the  following,  but  exactness  cannot  be  expected,  inasmuch 
as  milk  varies  in  the  amount  of  fat  it  contains  and  the 
time  it  takes  to  cream. 


Proteids. 

Fat. 

Lactose. 

Salts. 

1-75 

35 

6 

•  8 

Whey  

•  8 

2 

4-5 

•  6 

Milk,  10  oz.  ") 

Whey,  20  oz.  [  

1-75 

2-5 

6 

.6 

Lactose,  J  oz.  j 

Cream  (8  per  cent,  fat)  10.  oz. 

Whey,  20  oz  [ 

1-76 

4 

6 

•  6 

"  It  is  always  well  to  add  a  grain  or  two  of  bicarbonate 
of  soda  to  render  the  mixtures  neutral  or  slightly  alkaline. 

"It  is  often  convenient  to  give  dyspeptic  infants 
whey  at  first  or  even  to  dilute  the  whey  with  a  solution  of 
maltose  or  barley  water,  as  such  infants  cannot  always 
digest  as  much  as  2  per  cent,  of  fat  in  their  food.  As 
they  improve,  add  milk  to  the  whey,  or  '  top  milk,' 
as  their  digestive  powers  gain  strength. 

"  It  may  be  asked.  What  advantage  has  whey  over 
a  solution  of  lactose  as  a  diluent  1  It  certainly  contains 
'  antiscorbutic '  properties  which  a  solution  of  milk 
sugar  does  not,  and,  moreover,  it  contains  soluble  proteids 
and  a  certain  amount  of  fat.  I  have  frequently  found 
infants  improve  and  gain  weight  after  whey  has  been 
substituted  for  sugar  water  or  barley  water  as  a  diluent 
for  milk,  and  my  experience  is  strongly  in  its  favour. 
But  more  than  the  average  intelligence  is  wanted  in 
the  nursery  to  carry  out  details." 


CHAPTER  III. 


DIGESTION  OF  CEREAL  MATERIALS. 

Cereal  food-substances  consist  mainly  of  Starch, 
together  with  a  smaller  percentage  of  protein  bodies,  fat, 
fibrous  matter,  and  inorganic  salts.  A  consideration  of  the 
digestion  of  cereal  food  materials  resolves  itself  into  an 
investigation  of  the  action  of  digestive  enzymes,  viz.  : 
the  diastase  of  malt,  ptyalin  of  saliva,  and  amylopsin 
of  the  pancreatic  juice,  which  are  very  similar  in  their 
action,  on  the  starch  ;  and  the  proteolytic  enzymes  of 
the  gastric  and  pancreatic  secretions  on  the  proteins. 

The  importance  of  starch  as  an  article  of  diet  is 
well  known,  and  it  is  interesting  to  note  that  some 
two-thirds  of  the  food  we  consume  is  composed  of  this 
carbohydrate,  the  chief  sources  of  which  are  wheat, 
barley,  potatoes,  maize,  rice,  lentils,  peas  and  beans. 

Under  the  microscope  the  unbroken  starch  grains 
from  each  of  these  foods  present  definite,  easily  recog- 
nisable forms,  which  are  composed  of  an  outer  protecting 
wall,  described  as  starch  -  cellulose,  containing  within 
numerous  fine  particles  known  as  granulose  or  starch 
proper,  which  is  readily  converted  into  sugars  when  treated 
with  diastatic  enzymes.  Both  starch  -  cellulose  and 
granulose  have  the  same  chemical  composition,  which 
is  of  a  complex  character  and  is  believed  to  be  some 
multiple  of  CgHioOg.  Granulose  is  readily  recognised 
by  the  action  of  a  dilute  solution  of  iodine  and  potassium 
iodide,  which  yields,  in  the  cold,  a  characteristic  blue 
colour. 
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The  action  of  digestive  enzymes  on  unbroken  starch 
grains  is  very  slow,  owing  to  the  resistance  of  the  cellulose 
walls.  ^  Amylopsin  and  diastase  of  malt,  it  is  stated, 
can  dissolve  the  cellulose,  but  this  is  very  slowly  done. 
Starch,  however,  is  not  consumed  in  the  raw  state,  but 
usually  undergoes  some  preparation  or  partial  cooking, 
and  once  the  grains  are  burst  the  conversion  of  the 
contents  is  rapid.  This  breaking  down  of  the  grain 
may  be  accomplished  by  mechanical  means,  viz.,  by 
attrition  with  sand,  and  during  the  grinding  and  dressing 
processes  in  the  milling  of  grain  in  the  production  of  flour 
a  considerable  quantity  of  the  starch  grains  is  broken. 

Dry  heat  also  breaks  down  the  starch  grains,  and  at 
a  temperature  of  300°  to  350°  F.  gradually  changes  the 
carbohydrate  material  into  soluble  dextrines.  In  the 
presence  of  water  and  under  the  influence  of  heat,  starch 
grains  first  swell  and  then  gelatinize,  yielding,  with  from 
one  to  two  per  cent,  of  starch,  an  opalescent  thickened 
fluid,  or,  if  the  mixture  is  concentrated,  the  usual  well- 
known  starch  paste  or  jelly  is  obtained. 

Starches  from  different  plants  are  found  to  vary  in 
the  temperature  at  which  they  gelatinize,  but  almost 
all  are  burst  at  a  temperature  of  180°  F.  in  presence  of 
moisture.    Wheaten  starch  breaks  up  at  150°  to  160°  F. 

Starch  or  granulose  under  the  influence  of  either 
ptyalin,  amylopsin,  or  diastase  (but  especially  under  the 
two  latter,  which  are  more  powerful  than  ptyalin),  in 
the  presence  of  water  and  at  suitable  temperatures, 
is  readOy  converted  into  soluble  sugars.  If  the  process 
is  followed  by  testing  from  time  to  time  with  dilute 
iodine  solution,  it  will  be  seen  that  the  conversion  pro- 
ceeds by  stages  (see  illustrations,  photographs  VIII., 
IX.,  and  X.),  which  may  be  stated  as  follows  :— 

(1)  Starch.    With  iodine  yields  a  characteristic  blue. 

(2)  Soluble  starch  or  amidulin.     With  iodine  yields 

a  blue  tinged  with  purple. 


Digestion 


of  Cereal 


Materials. 
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(3)  Erythro-dextrine.     With  iodine  yields  a  yellowish 

bro^vn  or  red. 

(4)  Achroo-dextrine  yields  no  coloration  with  iodine. 
(6)  Maltose,  which  is  the  chief  product  obtained  in 

artificial  digestion  of  starches,  yields  no  colour 
with  iodine. 

(6)  Some  small  amount  of  dextrose  may  also  be 
formed. 

The  whole  of  the  starch  is  not  changed  into  maltose, 
as  part  remains  as  dextrine. 

These  changes  may  be  illustrated  by  the  following 
formulae  : — 

(1)  10  +  8  H2O  -  8  C12  H22  On  +  2  C12  H20  Oio 

Starch  Maltose.  Dextrines. 

(2)  +  Ha  0  =  Oh 
Dextrines.  Maltose. 

In  the  preparation  of  starchy  foods  such  as  gruels  or 
barley  water  the  value  of  the  action  of  heat  is  recognised. 
It  is  also  necessary,  when  it  is  desired  to  pre-digest  these, 
to  have  the  temperature  suitable  for  the  action  of  the 
enzymes  it  is  intended  to  use.  The  period  of  greatest 
activity  in  the  conversion  of  starch  by  amylopsin  is  from 
30°  C.  (86°  Fah.)  to  45°  C.  (113°  Fah.).  Above  this  the 
change  becomes  slower,  until  at  70°  C.  (158°  Fah.)  it  is 
suspended,  to  be  resumed  on  cooling  provided  the 
temperature  of  70°  C.  has  not  been  maintained  for  any 
length  of  time.  At  higher  temperatures  it  is  permanently 
destroyed. 

In  the  digestion  of  gruels  which  have  undergone 
previous  boiling,  the  temperature  should  therefore  be 
raised  or  cooled,  as  the  case  may  be,  to  blood  heat,  and 
the  digestive  preparation  added  at  that  temperature. 

The  products  formed  consist  of  a  mixture  of  soluble 
starch,  dextrines,  and  maltose,  varying  in  their  relative 
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proportions  according  to  the  activity  of  the  ferments 
and  the  length  of  time  allowed  for  digestion. 

In  the  first  chapter  it  was  seen  that  the  digestion  of 
starch  commences  when  it  is  admixed  with  saHva,  con- 
tinues for  a  time  in  the  stomach,  also  that  any  portion 
which  thus  escapes  digestion  is  afterwards  acted  upon 
by  the  pancreatic  juice,  and  if  any  succeeds  in  escaping 
unaltered  it  is  at  a  later  stage  attacked  by  the  succus 
entericus,  and  the  sugars  produced  by  this  action  whether 
in  the  stomach    or  bowels,  are  quickly  absorbed. 


BARLEY  WATER. 

Barley  Water  is  largely  used  as  a  diluent  of  cow's 
milk,  and  if  present  in  sufficient  amount  and  strength  has 
the  effect  of  making  the  curd  of  the  latter  much  finer. 
(See  illustration  No.  V.) 

The  following  is  a  common  method  of  preparation  : 
HaK  an  ounce  of  barley  flour  is  well  stirred  with  a  little 
cold  water  to  a  pasty  condition  to  remove  lumps,  then 
further  water  is  added  to  make  two-thirds  of  a  pint 
(13-3  fluid  ounces)  in  all.  The  whole  is  then  gently 
simmered  with  constant  stirring  for  15  minutes,  water 
being  added  from  time  to  time  to  make  up  for  the  loss 
by  evaporation.  When  cold  the  product  is  strained 
through  fine  muslin  to  remove  any  lumps. 

A  careful  analysis  of  barley  water  prepared  as  above 
yielded  the  following  result : — 

Loss  at  100°  C   97  -09  per  cent. 

Total  Solids    2-91  „ 

Of  the  total  Solids   0-81     „      was  soluble. 

  2-10  was  insoluble. 


Barley  Water, 


45 


The  total  Carbohydrates 

found  equalled    2-43  per  cent,  and  of  this 

the  amount  of  soluble  and 

insoluble  were — 
Soluble  Carbohydrates     ..    0-45  „ 
Insoluble        „    (starch)      1-98  „ 

This  confirms  the  amount  of  starch  found  in  barley 
water  given  in  the  quotation  on  page  66. 


CHAPTER  IV. 


DIGESTION  IN  EARLIEST  INFANCY. 

Certain  differences  observed  in  the  digestive  pro- 
cesses during  infancy  require  special  reference.  An 
infant  cannot  masticate  food,  and  its  natural  food, 
mother's  milk,  and  all  suitable  artificial  foods  require  no 
mastication.  As  it  is  the  act  of  mastication  chiefly  which 
causes  the  activity  of  the  salivary  glands,  it  follows  that 
these  glands  remain  inactive,  or  practically  so,  during  the 
first  few  months  of  hfe.  When  the  mouth  of  the  infant 
is  apphed  to  the  mother's  breast,  the  reflexes  causing 
suction  and  swallowing  are  set  in  action.  The  physio- 
logical and  chemical  processes  which  go  on  in  the  stomach 
vary  somewhat  in  different  animals  and  at  different 
periods.  Cow's  milk  is  the  natural  food  of  the  calf,  and  it 
requires  no  artificial  preparation  for  the  use  of  that 
animal ;  but  it  is  not  the  natural  food  of  an  infant,  and 
if  not  specially  prepared,  when  introduced  into  the 
stomach  of  an  infant,  the  curd  produced  is  hard  and  in- 
digestible. If  specially  prepared  the  curd  formed  may 
be  as  finely  divided  and  as  digestible  as  that  formed  from 
mother's  milk.  (Vide  plates  at  end  of  book.)  The  addition 
of  a  little  starch,  as  with  Benger's  Food,  or  in  barley 
water,  to  the  cow's  milk  has  an  extraordinary  effect  upon 
the  character  of  the  precipitated  casein,  and  the  experience 
of  generations  has  shown  that  the  use  of  small  quantities 
of  starchy  material  for  this  purpose  is,  in  the  main,  en- 
tirely beneficial  to  the  infant.  An  excessive  amount  of 
starch  is  undoubtedly  injurious  during  the  first  few 
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months  of  life,  and  because  an  excess  has  been  found 
to  be  harmful,  and  it  is  now  realised  that  the  saUvary 
glands  yield  Httle  or  no  diastatic  ferment  during  the  first 
few  weeks  of  life,  there  are  many  who  think  that  all 
starchy  substances  are  injurious  in  early  infancy.  How- 
ever, all  are  agreed  that  at  the  age  of  six  months  the 
infant's  digestive  fimctions  have  so  developed  that 
starchy  food  can,  usually,  be  readily  digested. 

Milk  being  the  natural  food  of  infants  there  will 
certainly  be,  in  normal  cases,  digestive  ferments  present 
from  birth  which  can  deal  with  proteins,  fat  and  milk- 
sugar,  and  make  them  assimilable.  The  most  interesting 
and  important  question  is  the  time  at  which  the  salivary 
and  pancreatic  diastatic  ferments  (ptyalin  and  amylopsin) 
develop  in  practical  amount  in  the  infant  economy.  The 
action  of  saKva,  which  has  some  little  diastatic  power 
from  the  first  four  weeks  of  life,  if  not  from  birth, 
can  only  play  a  very  small  part  in  digestion,  as  the 
food  of  an  infant  remains  such  a  short  time  in 
the  mouth,  where  the  ptyalin  exerts  a  great  portion 
of  its  activity.  The  food,  once  in  the  stomach,  meets 
the  acid  gastric  secretion,  which  gradually  puts  an 
end  to  the  activity  of  this  ferment.  The  pancreatic 
secretion  is  the  most  important  for  starch  digestion, 
and  recent  observations  show  that  there  is  a  definite 
amount  of  diastatic  ferment  secreted  at  birth,  the  contents 
of  the  intestines  of  newly-born  infants  possessing  some 
amylolytic  power.  This  ferment  increases  in  amount 
with  age  and  probably  also  with  any  demand  for  it 
which  may  be  created  by  the  presence  of  starch  in  the 
infant  dietary. 

In  human  milk  nature  provides  a  starch-free  food. 
But  whilst  this  is  so  there  is  not  only  no  indication  that 
small  amounts  of  cooked  starches  cannot  be  dealt;i,with 
by  the  intestinal  secretions,  and  transformed  by  "them 
into  the  ultimate  end-products  of  digestion  suitable  for 
absorption,  but  there  is  actual  experience  to  show  that 
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many  children  from  earliest  infancy  undoubtedly  thrive  on 
such  foods  and  take  no  harm  from  the  amount  of  starch 
which  is  universally  administered  in  the  homely  diluent, 
barley  water,  in  which  there  is  from  one-half  to  two  per 
cent,  of  starch  according  to  the  dilution  and  the  method 
of  preparation. 

Modern  observations  even  show  that  apart  from 
the  effect  that  a  diluent,  like  barley  water,  possesses  as  a 
maker  of  flocculent  curd,  the  starch  therein  contained 
may  even  have  a  beneficial  effect  on  gastro-intestinal 
changes  in  infants.  As  has  already  been  remarked,  the 
presence  of  a  carbohydrate  exerts  a  restraining  action  on 
the  growth  of  proteolytic  bacteria  which  give  rise  to 
putrifactive  changes  in  the  intestines,  the  products  of 
which  are  the  cause  of  some  intestinal  troubles. 

If  unt^onverted  starch  acts  in  this  beneficent  way, 
it  is  obvious  that  its  administration  in  suitable  amount 
in  infant  feeding  is  not  only  not  contra-indicated,  but 
may  be,  in  some  cases,  even  beneficial. 

All  artificial  food  prepared  from  cow's  milk  requu-es 
the  addition  of  some  sugar  to  supply  this  carbohydrate 
in  proper  amount,  and  experience  shows  that  it  is  not 
necessary  to  add  milk  sugar,  but  that  cane  sugar,  maltose, 
and  dextrines  (converted  starches)  will  supply  quite 
satisfactorily  the  deficiency  in  sugar. 

Whilst  there  are  many  infants  quite  able  to  assimilate 
a  diet  of  cow's  milk,  barley  water,  and  cane  sugar,  there 
are  also  many  that  require  the  further  help  of  the  partial 
predigestion  of  the  proteins  of  the  milk,  and  this  can 
only  be  managed  by  the  addition  of  some  tryptic  ferment 
to  the  food.  It  is  in  this  latter  class  of  infants  that 
a  pancreatised  cereal  food  for  use  with  fresh  cow's  mfik 
is  of  so  much  value,  providing,  as  it  does,  a  partially 
predigested  carbohydrate  and  protein  (the  casem  of  the 

"^'^It  was  with  the  object  of  preparmg  such  a  food  that 
the  late  F.  Baden  Benger  continued  the  observations 
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with  pancreatic  ferments  which  he  was  carrjdng  out  for 
the  late  Sir  William  Roberts,  and  which  resulted  in  the 
preparation  now  known  as  Benger's  Food. 

The  very  great  value  of  the  treatment  of  milk  with 
Benger's  Food  is,  that,  without  converting  the  curd  to 
any  great  extent,  it  acts  on  it  sufficiently  to  overcome  the 
great  objection  peculiar  to  cow's  milk,  viz.,  the  clotting 
in  large  masses  in  the  presence  of  the  gastric  fluid.    It  is 
important  to  note  that  there  is  not  sufficient  of  the  tryptic 
ferment  present  in  Benger's  Food  to  thoroughly  predigest 
the  casein,  and  whilst,  within  a  Hmited  range,  more  or 
less  complete  predigestion  is  obtained  by  a  longer  or 
shorter  treatment,  its  obvious  value  is  in  adapting  a 
food  to  individual  cases;    if  a  completely  predigested 
food  is  wanted,  then  more  ferment  in  the  form  of 
Benger's  Liquor  Pancreaticus  or  Benger's  Peptonising 
Powders  must  be  added. 

This  is  very  important  when  considering  the  question 
of  atrophy,  or  the  fear  of  gradual  loss  of  function  from 
unused  digestive  powers.  Whilst  therefore  Benger's 
Food  does  carry  predigestion  a  stage  or  two  forward, 
it  is  important  to  remember,  that,  if  prepared 
according  to  the  directions  for  use,  there  is  always  some- 
thing further  for  the  digestive  functions  to  do  for 
themselves. 

Analyses  made  of  the  prepared  Benger's  Food  shew 
that  a  portion  of  the  casein  is  converted  into  proteoses, 
and  that  little  if  any  peptone  is  formed.  The  fat  is  not 
affected. 


CHAPTER  V. 


PREDIGESTED    FOODS    IN  TREATMENT 
AND  THEIR  ORIGIN. 

Whilst  S.  Darby  was  probably  the  first  to  carry  into 
actual  practice  the  idea  of  preparing  an  artificially 
digested  food,  viz.,  "  Darby's  Peptonised  Fluid  Meat," 
the  great  and  valuable  uses  to  which  such  foods  are  now 
put  in  the  treatment  of  disease,  date  from  Sir  William 
Roberts'  classical  and  widely  known  Lumleian  lectures  on 
"  The  Preparation  and  Use  of  Artificially  Digested 
Food,"  delivered  before  the  Royal  College  of  Physicians 
in  1880.  Before  Roberts  took  an  interest  in  the  subject, 
difficulties  were  encountered  in  the  production  of  an 
artificially  digested  or  peptonised  food  suitable  for 
invalids,  mainly  owing  to  the  use  of  the  gastric  method 
of  its  preparation.  When  milk,  bread,  egg,  or  meat  is 
artificially  digested  with  pepsin  and  hydrochloric  acid, 
the  results,  both  in  appearance  and  taste,  are  very 
unappetising,  not  on  account  of  the  actual  taste  of  the 
digested  food  itself,  but  because  of  the  by-products  of 
various  kinds  which  accumulate  as  digestion  proceeds. 
One  of  these  by-products  of  protein  digestion  is  a  very 
bitter  substance  which  Roberts  thought  gave  the  bitter 
taste  to  eructations  met  with  in  dyspepsia.  He,  there- 
fore, tried  to  improve  matters  and  used  the  pancreatic 
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juice  in  his  experiments.  This  promised  one  definite 
advantage  over  gastric  digestion  inasmuch  as  the  pancreas 
can  digest  starches  as  well  as  proteins.  Dr.  Roberts  sought 
the  assistance  of  Mr.  Benger  in  the  practical  work  con- 
nected with  his  investigations,  with  the  result  that  the 
well-known  Liquor  Pancreaticus  was  prepared,  which, 
in  Roberts'  own  words,  "is  an  almost  faultless  pharma- 
ceutical preparation "  possessing  the  diastatic  and 
proteolytic  properties  of  the  pancreas  in  a  highly  con- 
centrated degree.  It  is  a  nearly  colourless  solution 
with  very  little  taste  or  smell  beyond  that  of  the  spirit 
used  to  preserve  it.  When  this  extract  was  added 
to  milk  it  was  found  that  digestion  took  place  "  with 
comparatively  little  disturbance  of  its  taste  and 
appearance." 

Curiously  enough,  however,  when  ordinary  milk 
was  heated  with  the  pancreatic  extract  it  curdled,  and 
although,  in  the  further  stages  of  digestion,  this  gradually 
redissolved,  a  portion  of  it  proved  to  be  very  resistant 
and  remained  undissolved  for  many  hours  ;  but  when 
the  milk  was  diluted  beforehand  with  one-third  or  one- 
fourth  of  its  bulk  of  water,  no  curdling  took  place,  the 
digestion  or  peptonisation  proceeding  with  the  milk 
in  a  fluid  condition  and  with  only  a  slight  change 
of  colour  and  appearance.  During  these  changes  the 
milk  gradually  lost  its  proper  flavour  and  developed 
a  slightly  bitter  taste,  which  is  to  many  palates  not 
disagreeable.  No  really  unpleasant  flavour  was  produced 
unless  the  process  was  allowed  to  go  on  to  incipient 
decomposition.  Such,  briefly,  were  Roberts'  laboratory 
experiments  which  formed  such  an  important  epoch  in  the 
preparation  of  food  for  mvahds. 

Predigestion  of  food,  then,  by  pancreatic  extract, 
has  a  double  advantage  over  predigestion  by  pepsin 
and  hydrochloric  acid  because  starches  and  proteins 
are  affected,  and  no  unpleasant  appearance  or  smeU 
of  the  digested  food  need  result. 
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Uses  of  Partially  Digested  Foods  in  Treatment. 

It  is  not  for  us  to  instruct  the  medical  man  as  to  the 
special  diseases  in  which  it  is  desirable  to  help  the 
alimentary  system  to  carry  out  the  functions  of  supplying 
food  in  an  assimilable  form  to  the  body.  We  need  only 
suggest  the  broad  indications  for  the  administration  of 
partially  or  whoUy  predigested  food,  namely,  illnesses 
in  which  it  is  necessary  to  help  digestive  functions  which 
are  impaired  or  arrested  by  disease,  or  in  which  it  is 
desirable  to  supply  the  organs  with  a  food  which  leaves 
very  little  unabsorbable  or  irritant  residue.  Frequent 
reference  to  the  use  of  Benger's  preparations  in  many 
diseases  will  be  found  in  many  classical  works  of 
medicine  and  current  medical  literature.  A  few  of 
these  will  be  found  on  pages  102  to  108. 

As  to  how  far  it  is  advisable  that  predigestion  should 
be  carried  in  actual  practice,  the  following  extract  from 
page  212  of  Roberts'  Diet  and  Digestion,  in  the 
chapter  on  "  Deductions  from  Experiments "  will  be 
of  interest  : — 

"  Except  in  extreme  cases,  when  the  digestive  power 
is  wholly  lost,  or  in  complete  abeyance,  it  is  more  advan- 
tageous to  use  a  food  which  has  been  subjected  to  partial 
artificial  digestion  than  food  in  which  the  process  has 
been  carried  out  to  completion.  If  the  patient  possesses 
any  digestive  power  at  all,  it  is  better  that  that  power 
should  be  kept  in  exercise  than  that  it  should  be  permitted 
to  deteriorate  still  further  from  total  disuse.  This  is 
in  agreement  with  the  rule  we  apply  in  other  cases  of 
enfeebled  functions,  according  to  which  we  endeavour 
to  combine  partial  rest  with  moderate  exercise." 

Nutritive  Value  or  Energy- Quotient. 

The  far-reaching  effect  of  Roberts'  work  will  perhaps 
be  better  appreciated,  if  we  consider  for  &,  moment  tlje 
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standard  by  which  a  foodstuff  is  to  be  judged.  The 
physical  test  of  any  article  of  diet  is  based  upon  the 
potential  energy  it  is  capable  of  yielding  when  oxidised 
in  the  body.  This  energy  is  measured  in  Calories,  a 
Calorie  being  the  amount  of  heat  required  to  raise  1  litre 
of  water  1°  C,  or  1  pound  of  water  4°  Fahr. 
1  gramme  of  protein  taken  as  food  yields  4  •  1  Calories. 
1  gramme  of  carbohydrates  taken  as  food 

yields    4-1  „ 

1  gramme  of  fat  taken  as  food  yields . .  9  •  3  „ 

To  obtam,  therefore,  the  total  Calories  yielded  by  100 
grammes  of  any  foodstuff,  one  has  merely  to  multiply 
the  percentage  of  protein  and  carbohydrates  by  4  •  1  and 
the  percentage  of  fat  by  9  •  3.  An  average  man  doing 
moderate  work  requires  about  3,000  Calories  per  day.  But 
to  be  satisfactory,  a  diet  must,  in  addition  to  furnishing  the 
requisite  number  of  Calories,  not  only  contain  the  proper 
percentage  of  each  nutritive  constituent,  but  also  present 
them  in  a  form  capable  of  being  digested  and  absorbed.  It 
is  with  this  latter,  or  physiological  test,  that  predigestion 
is  particularly  concerned,  since  it  makes  possible  the 
reception  of  foods,  known  to  be  highly  nutritious,  by 
stomachs  which,  on  account  of  some  impairment  of 
function,  could  not,  unaided,  have  dealt  with  such 
nutritious  food. 

In  comparing  the  relative  nutrient  values  of  any 
food  preparation,  the  comparison  should  be  made  of 
the  latter  in  the  form  in  which  it  wiU  be  consumed, 
i.e.,  cooked  and  made  ready  for  consumption,  and  regard 
should  be  had  not  only  to  the  total  Caloric  value,  but 
especially  to  what  portion  of  that  total  value  is  in  a 
condition  likely  to  be  utihsed  by  the  body.  Cellulose 
and  cooked  starch  have  much  the  same  chemical  com- 
position and  Caloric  value  outside  the  body,  but  there  is 
no  comparison  in  their  availability  from  a  human  food- 
value  point  of  view. 


CHAPTER  VI. 


STARCH  DIGESTION  IN  INFANCY. 


Amongst  physicians  who  have  made  a  special  study 
of  infant  feeding,  there  are  great  differences  of  opinion 
as  to  the  age  at  which  starchy  food  should  be  used. 
Unfortunately,  the  opinions  are  not  always  based  upon 
actual  observations  of  the  effect  of  farinaceous  foods  on 
children,  but  sometimes  upon  test-tube  experiments  and 
deductions  from  the  observations  of  physiologists  as  relat- 
ing to  the  periods  at  which  certain  glands  become  active 
or  begin  to  secrete  particular  ferments.  Others,  noting 
that  a  large  proportion  of  starchy  food  is  dangerous  during 
the  first  few  months  of  life,  argue  that  even  the  smallest 
proportion  is  contra-indicated.  Others,  again,  from  their 
experience  with  one  form  of  starch,  or  farinaceous  food, 
condemn  all  such  foods,  irrespective  of  whether  the 
farinaceous  constituent  is  predigested  or  not.  Obviously 
there  is  the  greatest  possible  difference  between  a  mere 
aqueous  solution  of  starch,  and  the  same  solution  after  it 
has  been  acted  upon  by  a  ferment  which  has  converted 
by  far  the  larger  proportion  into  dextrines  and  sugars. 
There  are  many  also  who  take  up  the  illogical  position  of 
condenming  starchy  foods  in  early  infancy,  and  of  recom- 
mending the  use  of  mixtures  of  cow's  milk  with  barley 
water.  Now,  barley  water  is  nothing  more  than  a  solu- 
tion of  starch,  and,  as  usually  made,  contains  from  1  •  8 
to  2-3  per  cent,  of  starch.  A  mixture  of  equal  parts 
of  milk  and  barley  water  will  contain  about  1  per 
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cent,  of  starch,  which  is  more  than  is  contained  in  a  food 
for  young  infants  prepared  from  the  formulae  prescribing 
Benger's  Food.  This  concentrated  preparation  as  sold 
in  Tins  contains  a  large  proportion  of  starch,  but  when 
diluted  and  properly  prepared  only  a  trace  of  this  starch 
is  left,  the  remainder  having  been  converted  into  soluble 
dextrines  and  sugars  which  are  easily  assimilable  at  the 
earUest  age. 

Anyone  who  cares  to  compare  carefully  the  almost 
diametrically  opposed  opinions  set  out  below  will  notice 
this  divergence  of  opinion,  and  will  almost  certainly  con- 
clude that,  whilst  in  early  infancy  an  exclusively  farinaceous 
diet,  or  a  diet  containing  more  than  a  certain  quantity  of 
starch,  is  Hkely  to  be  injurious,  yet  that  the  administra- 
tion of  the  very  small  quantity  of  starch  necessary  to 
prevent  the  formation  of  large  and  dense  flocculae  of  casein 
in  cow's  milk,  is  not  only  not  injurious  but  positively 
beneficial.  Of  course,  there  are  exceptions  to  all  rules, 
but  because  on  occasions  an  infant  does  not  thrive  on 
cow's  milk,  we  do  not  argue  that  cow's  milk  is  deleterious 
to  all  infants,  and  if  an  occasional  infant  does  not  thrive 
on  a  food  containing  a  proper  amount  of  starchy  matter, 
it  does  not  follow  that  starch  is  always  deleterious. 
Referring  to  some  of  these  idiosjmcracies,  Dr.  Hutchison* 
says  : — 

If  a  child  is  unable  to  digest  much  cow's  milk,  it  is  often  worth 
while  to  try  the  effect  of  adding  a  little  starchy  food  to  the  diet, 
even  at  an  early  age,  for  inability  to  digest  milk  appears  to  be  some- 
times accompanied  by  an  unusual  capacity  for  conversion  of  starch. 

In  a  recent  article  contributed  by  Dr.  Cautleyf  to 
the  "  Lancet,"  the  question  of  starch  digestion  in  babies 
is  fully  discussed,  and  at  the  conclusion  of  the  paper  he 
summarises  the  results  of  his  observations  in  the  following 
words  : — 

The  general  conclusions  from  the  above  observations  afford  physio- 
logical and  chemical  support  of  the  empirical  use  of  starch  in  infant 

*  Lecture  on  "  Infant  Feeding,"  Lancet,  Sept.  19th,  1903. 
t "  Starch  Digestion  in  Babies,"  Lancet,  Nov.  6th,  1909. 
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feeding  and  may  be  summed  up  shortly  as  follows :  (1)  A  diastatio 
ferment  is  secreted  by  the  salivary  glands  and  pancreas  of  new-born 
infants  and  even  before  birth.  (2)  Its  amount  and  activity  are  slight 
in  the  first  few  weeks  of  life,  and  after  that  rapidly  increase.  (3)  The 
glands,  notably  the  pancreas,  can  be  trained  by  means  of  a  starchy 
diet  to  the  secretion  of  an  increased  amount  of  the  amylolytic  ferment. 
There  is  no  inherent  reason  why  this  training  should  not  be  begun 
shortly  after  birth  in  the  case  of  the  bottle-fed  infanta  instead  of  waiting 
until  the  child  has  attained  the  age  of  six  months,  as  so  commonly 
advised  on  purely  theoretical  grounds.  (4)  Practical  experience  has 
8ho%vn  that  the  usual  barley  water  contains  about  2  per  cent,  of  starch. 
If  mixed  with  an  equal  quantity  of  milk  there  will  only  be  1  per  cent, 
of  starch  in  the  mixture.  Such  an  amount  is  non-injurious  and  almost 
certainly  is  beneficial,  for  it  encourages  the  growth  of  lactic  acid  bacilli 
and  the  formation  of  lactic  acid.  These  organisms  are  of  undoubted 
advantage  in  the  prevention  of  the  growth  of  proteolytic  bacteria. 
(6)  If  a  starchy  food  is  used  in  the  first  few  weeks  of  life  it  is  advisable 
to  begin  with  a  milk  mixture  which  will  not  contain  more  than  0'5 
per  cent,  of  starch  and  to  gradually  increase  the  amount  as  the  child 
gets  older.  Indeed,  at  any  age  when  a  starchy  food  is  first  given  it 
should  be  in  very  weak  solution  and  slowly  strengthened  up  to  as 
much  as  3  to  5  per  cent.  If  the  stools  become  very  acid,  or  if  they 
give  a  distinct  starch  reaction,  the  percentage  of  starch  in  the  diet 
must  be  reduced.  (6)  Special  care  must  be  paid  to  these  considera- 
tions in  the  first  two  months  of  life,  because  of  the  deficiency  of  salivary 
secretion.  Further  investigations  may  possibly  show  that  this  is  a 
point  of  little  importance  as  the  pancreatic  secretion  may  be  sufiicient 
in  quantity  and  activity.  (7)  The  evil  effects  of  starch  in  early  life 
are  due  to  (a)  excess ;  (6)  its  administration  in  the  form  of  a  more 
or  less  insoluble  emulsion  instead  of  as  soluble  starch ;  and  (c)  the 
substitution  of  starch  for  the  necessary  protein,  fat,  and  salts.  In 
other  words,  the  mischief  results  from  deficiency  of  necessary  proximate 
principles  of  diet  rather  than  from  the  presence  of  starch. 

To  discuss  the  subject  fully  would  take  up  far  too  much 
space,  and  would  not  be  of  suflficient  general  interest. 
Still,  in  an  article  of  studied  fairness,  all  views  should  be 
represented,  and  in  parallel  columns  are  given  the  opinions 
of  a  few  eminent  men  in  the  profession  who  have  studied 
the  question,  and  those  who  wish  to  further  study  the 
subject  will  find  the  BibUography  at  the  end  particularly 
useful. 
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0.  F.  Sm,  M.D.,  F.R.C.P.,  Pro- 
fessor of  Diseases  of  Children, 
King's  College,  London. 
Common  Disokdbks  and  Dis- 
eases OF  Childhood,  1909, 
page  62. 

My  own  experience  leads  me  to 
think  that  even  such  a  small 
amount  of  starch  (1  to  2  per 
cent.)  as  is  present  in  barley- 
water  is  often  harmful,  and  that 
all  foods  containing  any  starch 
whatever  should  be  avoided  until 
the  infant  is  eight  or  nine  months 
old,  and  even  then  starch-con- 
taining foods  should  only  gradu- 
ally be  introduced,  so  that  by  the 
end  of  the  tenth  month  an  infant 
may  be  having  two  meals  of 
starch-containing  food  in  the  day. 


F.  Smith,  M.D.,  F.R.C.P., 
Physician  to  the  London  Hos- 
pital. Indigestion.  Practi- 
tioner, Oct.,  1909. 
I  wish  to  protest  against  the 
view  that  babies  cannot  digest  a 
small. proportion  of  carbohydrate 

material  

.  .  scientific  baby-feeders  have 
to  recommend  the  addition  of 
barley  water  to  cow's  milk,  and 
this  contains  much  more,  and 
worse  prepared  starch  than  do 
some  of  the  best  proprietary 
foods. 


Extract  from  Diseases  of  Infancy 

AND  Childhood  (1908)  by  L. 

Emmett  Holt,  M.D.,  Sc.,D.LL.D. 

New  York,  page  206. 

The  use  of  the  various  cereal 
decoctions  as  an  addition  to  the 
milk  for  young  infants  is  a  subject 
much  discussed,  and  the  question 
cannot  be  regarded  as  settled. 
I  am  quite  convinced  that  this  is  a 
useful  measure  for  some  infants, 
but  not  that  it  is  desirable  for  all. 
Surely  no  point  in  infant-feeding 
is  better  estabUshed  than  that  the 
early  use  of  much  farinaceous  food 
often  results  in  serious  harm. 
The  addition  to  milk  of  farina- 
ceoiis  food  in  any  considerable 
quantity  should,  I  think,  in  the 
feeding  of  young  infants  be 
limited  to  those  in  whom  some 
special  conditions  are  present, 
particularly  those  who  have  more 
difficulty  than  usual  in  digesting 
the  milk  proteids.  This  subject 
will   be  considered   more  fully 


Charles  G.  Kerley,  31. D.,  New 
York,  Carbohydrate  Incapa- 
city IN  Infants  and  Younq 
Children. — Archives  of  Pedia- 
trics, March,  1908,  page  203. 
Starch. — Some  infants  have  a 
low  fat  capacity,  some  a  low  sugar 
capacity,   some   a   low  proteid 
capacity,  and  others  a  low  starch 
capacity.    That  the  youngest  in- 
fant can  digest  starch  was  proven 
in  the  New  York  Infant  Asylum 
observations  a  few  years  ago, 
which  were  made  under  my  direc- 
tions and  which  have  been  pub- 
lished. 

Our  observation  was  that  if 
starch  was  not  digested  it  did  little 
harm.  The  removal  of  the  starch 
from  the  food  in  children  with 
distended  abdomens  produces 
little  or  no  effect  on  the  tym- 
panites in  most  cases,  the  disten- 
tion bemg  due  to  other  causes. 
The  chief  harm  which  we  found 
arising  from  starch  feeding  was 
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the  constipation  which  sometimes 
followed  its  use.  This  may  be 
prevented  by  the  use  of  some 
dextrinizing  agent  to  convert  the 
starch  into  the  laxative  maltose. 
It  is  rarely  wise  to  use  it  in 
stronger  mixtures  than  3  per  cent, 
in  children  under  one  year  of  age. 

As  relates  to  the  starch  diges- 
tive capacity  of  young  infanta  it 
had  been  demonstrated  conclu- 
sively, both  from  the  experi- 
mental and  clinical  standpoint, 
that  the  youngest  child  may 
digest  starch. 


Cautley :  "  Starch  Digestion  in  Bahies,"— Lancet,  Nov.  6th,  1909. 

Pritchard  :  "  The  Physiological  Feeding  of  Infants."  1909. 
Chapter  on  "  Intestinal  Digestion  of  Carbohydrates." 

Jacobi:  "The  Role  of  Pure  Cows'  Milk  in  Infant  Feeding."— 
Maryland  Medical  Journal,  June,  1906. 

Meara :  "  Problems  of  Nutrition  in  Early  Liie." —Archives  of 
Pediatrics,  vol.  xxvii. 

Chapin  :  "  Theory  and  Practice  of  Infant  Feeding."  1904. 

Cautley :  "  Use  and  Abuse  of  Proprietary  Food  in  Infants'  Feed- 
ing."—I'Ae  Practitioner,  May,  1909. 

Rotch  :   "  Modem  Laboratory  Feeding." — Archives  of  Pediatrics, 

vol.  XXV. 

Holt :  "  Diseases  of  Infancy  and  Childhood."  1908.    New  York. 

Fordyce  :  "  Hygiene  of  Infancy  and  Childhood."  1910. 

Corlette  :  "  A  Review  of  the  Subject  of  Starch  Digestion  in  Infants." 
— Australian  Medical  Gazette,  Jan.  20th,  1905. 

Kerley :  "  Carbohydrate  Incapacity  in  Infants." — Archives  of 
Pediatrics.     1908.    Page  203. 

Cameron :  Pfaundler  and  Schlossman's  Encyclopcedia  of  Diseases 
of  Children.  1908. 

Ferriera :  "  Starchy  Diet  in  Gastro-enteritis." — Arch,  des  Infants, 
May,  1908. 

Finklestein  :   "  Diseases  of  Nurslings."  1911. 

Poynton  :  Cheadle's  "Artificial  Feeding  and  Food  Disorders  of 
Infants."  1906. 

Sutherland:  "A  System  of  Diet  and  Dietetics."  1908. 

Brockbank:  "Children — Their  Care  and  Management."  1912. 
Page  51. 


CHAPTER  VII. 


BENGER'S  FOOD  FOR  INFANTS  UNDER 
SIX  MONTHS. 

The  rule  followed  since  the  introduction  of  Benger's 
Pood,  has  been  to  supply  medical  men  with  information 
on  its  composition,  preparation,  and  properties  and,  of 
course,  leave  to  them  the  decision  as  to  its  suitability 
in  any  particular  case. 

The  Food  is  prescribed  when  conditions  are  considered 
to  indicate  its  use,  and  when  no  longer  required  it 
should,  naturally,  be  discarded. 

Benger's  Food  is  not  put  forward  as  a  facsimile 
mother's  milk,  but  as  a  useful  adjuvant  to  milk  or  a  milk 
mixture,  on  the  casein  of  which  it  acts  so  as  to  render  it 
much  more  easy  of  digestion,  and  clinical  experience  has 
amply  confirmed  its  value  in  many  cases  of  difficulty  in  the 
feeding  of  young  infants.  A  reference  to  the  formulae ,  given 
in  the  table  following  p.  69,  will  show  that  it  can  be  pre- 
pared so  as  to  approximate  the  composition  of  human  mUk, 
and  a  further  reference  to  the  photographs  will  show  how 
it  is  likely  to  curd  in  the  presence  of  the  acid  gastric  juice. 
It  will  also  be  noticed  that  there  is  always  a  certain  amount 
of  the  wheaten  starch  in  the  Benger's  Food  unconverted 
by  the  amylopsin  contained  therein.  This  amount  will 
vary,  in  the  main,  according  to  the  amount  of  Benger's 
Food  employed,  and  the  length  of  time  allowed  for 
digestion.    In  the  formulae  more  suitable  for  infants  under 
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six  months  of  age,  it  wiU  vary  from  under  i  to  1  per  cent, 
which  is  less  than  the  amount  in  barley  water. 

On  the  question  of  the  use  of  Benger's  Food  for  infants 
under  six  months  of  age,  the  proprietors  consulted  the 
late  Henry  Ashby,  M.D.,  F.R.C.P.—a  recognised  authority 
on  Infant  Feeding  and  Children's  diseases_in  1907,  in 
connection  with  the  setting  up  of  a  starch-free  Infants' 
Food  Standard  in  Victoria,  Australia.  His  opinion— 
which  he  gave  permission  to  quote— was  as  follows  : — 

"  The  great  value  of  Benger's  Food  in  softening  the 
curd  of  cow's  milk,  so  that  it  can  be  utilised  by  these  young 
infants,  far  outweighs  any  disadvantage  there  may  be 
from  the  presence  of  the  small  amount  of  unconverted 
starch,  which  is  almost  negligible  in  the  Benger's  Food  as 
prepared  for  their  use,"  and  he  further  added,  "  It  is 
exactly  in  the  first  six  months  of  life  that  I  find  Benger's 
Food  most  useful." 

The  following  is  from  a  report  and  analysis  of  Benger's 
Food  by  John  C.  Thresh,  M.D,,  D.Sc,  &o.,  London 
Hospital  Medical  College  : — 

"  I  know  of  no  objection  to  the  presence  of  a  small 
proportion  of  starch  in  the  food  of  young  infants,  so  long 
as  all  the  necessary  constituents  for  its  growth  are  also 
present,  as  is  the  case  in  the  food  in  question.  If  not 
utilised  it  is  simply  excreted,  whilst  at  a  later  period  when 
the  saliva  becomes  capable  of  acting  upon  it,  it  is  dissolved 
and  increases  the  nutritive  value  of  the  food." 

Extract  from  an  article  hy  Edmund  Cautley,  M.D.,  F.R.C.P., 
entitled  The  Use  and  Abtjse  of  Propeietaby 
Foods  in  Infant  Feeding,  in  "  The  Practitioner," 
May,  1909. 

The  same  objections  hold  good  for  condensed  milk.  Perhaps 
malt  sugar  is  less  injurious  than  cane  sugar.  The  foods  which  contain 
starch  are  only  suitable,  except  in  very  small  amounts,  alter  the  sixth 
month  of  life.  Two  other  foods  worthy  of  mention  are  Benger's  Food 
and  .  .  .  The  latter  is  composed  of  desiccated  milk,  malted 
wheat  flour,  and  lactose,  and,  in  the  process  of  preparation,  the  casein 
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is  partly  digested  by  extract  of  pancreas.  It  is  comparable  with  the 
foods  made  from  condensed  milk  and  partly  malted  flour,  and  is  much 
inferior  to  Benger's  Food,  as  that  is  made  with  fresh  milk.  Benger's 
Food  is  a  mixture  of  cooked  wbeaten  meal  and  extract  of  pancreas.  In 
the  process  of  preparation  mixing  it  with  warm  milk  and  water,  the 
ferments  partially  peptonise  the  proteins,  and  partially  convert  the 
starch  into  soluble  dextrines  and  sugars.  The  fat  is  unaffected.  It  is 
most  valuable  for  marasmic  infants  after  the  sixth  month  of  age,  but 
can  be  used  even  throe  months  earlier,  if  given  in  small  amounts,  say 
one  half  to  one  teaspoonful  in  each  feed.  The  addition  of  a  small  half 
teaspoonful  to  each  feed  is  about  equivalent  to  using  thick  barley  water 
instead  of  water  in  the  food  mixture  and  has  the  additional  advantage 
of  partly  digesting  the  food.  If  it  agrees  with  the  child  it  can  be  con- 
tinued for  some  months,  provided  it  is  never  forgotten  that  the  prime 
constitutents  of  the  diet  are  the  milk  and  cream  with  which  the  food  is 
mixed,  and  that  it  must  not  be  increased  in  quantity  at  the  expense  of 
these  constituents.  As  a  recent  instance  of  its  value,  the  addition  of 
one  teaspoonful  to  the  diet  of  a  child,  aged  four  months,  who  had  re- 
mained practically  stationary  in  weight  for  a  month,  resulted  in  a  gain 
of  nearly  a  pound  in  weight  in  one  week. 

Dr.  Cautley  also  contributes  a  valuable  article  on 
"  Patent  and  Proprietary  Foods  "  in  Dr.  Sutherland's 
"  System  of  Diet  and  Dietetics,"  in  which  reference  is 
made  to  the  value  of  Benger's  Food, 

During  the  past  year  most  eminent  physicians  have 
been  consulted  on  the  use  of  Benger's  Food  in  Infancy, 
and  the  matter  in  Chapter  VIII.  has  been  most  carefully 
considered  by  them,  and  has  received  their  unreserved 
approval.  The  names  of  these  gentlemen  will  be  given 
privately  to  any  medical  man  suficiently  interested  in 
the  subject. 


CHAPTER  VIII. 


THE   FEEDING  OF  INFANTS 

AND  THE 

USE  OF  BENGER'S  FOOD. 
(See  last  paragraph  on  page  61.) 

When  it  is  necessary  to  replace  natural  feeding,  either 
partially  or  entirely,  some  modification  of  fresh  cow's 
milk  is  usually  given.  This  modification  is  necessary 
because  cow's  milk  difiers  in  composition  from  human 
milk.  It  contains  more  proteins  (or  flesh-forming 
materials)  and  more  inorganic  salts,  about  the  same 
amount  of  fat,  but  less  sugar.  In  the  presence  of  the 
acid  fluid  in  the  stomach  cow's  milk  produces  large 
curds,  which  are  digested  with  difiiculty  by  an  infant, 
whereas  human  milk  produces  very  fine  and  easily 
digestible  curds. 

Cow's  mUk  is  intended  by  nature  for  the  rearing  of 
calves,  and  if  used  for  infants  it  requires  some  modifica- 
tion. By  dilution  with  water  and  the  addition  of  sugar 
and  fat,  a  mixture  can  be  made  which  approximately 
corresponds  to  the  composition  of  mother's  milk. 

The  usual  proportions  of  mUk  and  water  employed 
are  as  under  : — 


For  infants  of  1  to  2 
months 


One  part  of  milk  to  two  parts 
water. 

For  infants  of  2  to  6(  Equal   parts    of   milk  and 
months.  [  water. 

Two  parts  milk  to  one  part 
water. 


For  infants  of  6  to  9 
months. 


Feeding  of  Infants. 


63 


If  good  milk  is  available  it  is  not  imperative  to  add 
cream,  but  it  is  necessary  to  add  a  little  sugar  of  milk 
or  ordinary  lump  sugar. 

Many  babies  thrive  on  these  mixtures,  but  others 
cannot  digest  the  diluted  milk,  probably  on  account  of 
the  nature  of  the  curd  formed  in  the  stomach.  In  some 
cases  the  substitution  of  barley  water  for  plain  water 
yields  a  food  which  can  be  digested  when  plain  milk 
and  water  does  not  agree.  Some  babies  cannot  digest 
even  the  barley-water  mixture  at  any  time,  and  with 
others  there  are  periods  when  it  does  not  appear  to  give 
satisfactory  results.  In  these  cases  the  diluted  milk 
must  be  so  treated  as  to  render  it  more  readily  digestible. 

Benger's  Food  was  specially  designed  for  this  purpose, 
since,  when  properly  prepared,  it  partially  digests  the 
casein  contained  in  the  milk,  preventing  the  formation 
of  large  curds  and  enabling  the  stomach  to  complete 
the  digestion.  At  the  same  time  it  increases  the  amount 
of  sugar  present  and  renders  the  mixture  more  comparable 
in  composition  with  mother's  miJk.  The  prepared  food 
can  be  used  temporarily  or  even  continued  for  months 
if  necessary. 

The  proportions  of  Food,  milk,  and  water  can  be 
varied  so  as  to  serve  for  infants  of  different  ages,  the 
general  rule  being  to  increase  the  amount  of  milk  and 
food,  and  to  decrease,  in  proportion,  the  amount  of 
water  as  the  baby  gets  older  and  the  food  is  found  to 
agree.  It  is  important  that  the  increase  should  take 
place  gradually,  the  food  being  strengthened  little  by 
little  as  the  baby  grows. 

Special  mixtures  have  been  devised  to.  meet  all  ordinary 
cases  and  to  guide  medical  men  in  their  selection  of  the 
food  most  suitable  for  special  cases.  The  results  of  the 
analyses  of  mixtures  made  from  various  formulse  are 
given  in  the  table  following  page  69. 

In  consulting  this  table  it  is  important  to  remember 
that  variations  can  be  effected.    If,  for  example,  a 
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medical  man  desires  to  give  a  higher  percentage  of  fat, 
this  can  be  done  by  adding  cream,  whereas  the  proteins 
and  sugars  can  be  increased  by  using  a  little  more  of  the 
Benger's  Food.  With  this  table  as  a  guide  the  physician 
can  prescribe  a  food  containing  whatever  proportions  of 
the  various  constituents  he  may  desire. 

The  following  mixtures  are  suggested  for  general  use. 


FORMULA  SERIES  A. 

For  babies  1  to  3  months  old,  or  at  other  ages  (over 
one  month)  when  first  commencmg  to  use  the  food,  or 
whenever  digestion  is  much  enfeebled. 

For  example,  Formula  A  (1): — 

Take  of  Benger's  Food  \  ounce  or  two  teaspoonfuls,  sugar 
of  milk  \  of  an  ounce  or  two  rather  large  teaspoonfuls. 
Mix  together  in  a  basin  and  stir  in  4  tablespoonfuls  (2 
fluid  ounces)  of  cold  water.  To  this  add  gradually, 
with  constant  stirring,  the  following  mixture  just  off 
the  boil : — 

Milk,     4  ounces  ) 

„r  i.      n  \=10  ounces. 

Water,  6  ounces  j 

Then  set  it  aside  30  minutes  to  digest.  At  the  end  of 
this  time  return  it  to  the  saucepan  and  raise  to  the 
boiling  point,  stirring  all  the  while.  When  cool  the 
food  is  ready  for  use. 

Various  ways  for  increasing  the  amount  of  fat  in  the 
food  are  given  in  Formulae  A  (2),  (3),  and  (4). 


FORMULAE  SERIES  B. 

These  Formulae  are  devised  for  children  of  from 
3  to  6  months  of  age,  and  for  younger  infants  who  are 
already  digesting  a  weaker  mixture  and  need  a  more 
nutritious  food.    They  are  richer  in  proteins  and  sugar. 


Feeding  of  Infants. 
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FORMULiE  SERIES  C. 

Applicable  for  children  of  6  to  9  months  and  for 
younger  infants  who  need  a  stronger  mixture  than  those 
of  Series  B, 

For  example,  C  (I)  : — 

Take  of  Benger's  Food  |  an  ounce,  water  2  ounces. 
Mix  together  in  a  basin  and  add,  just  ofE  the  boil,  a 
mixture  of 


Milk,  6  ounces 
Water,  4  ounces 


10  ounces. 


Set  aside  for  half  an  hour.  Then  raise  to  the  boiling 
point,  stirring  continuously. 

FORMULA  SERIES  D. 

From  6  to  9  months  and  occasionally  under  6  months 
of  age.  Formulae  Series  D,  in  which  the  proteins,  fat,  and 
sugar  are  further  increased,  can  be  employed. 

For  example.  Formula  D  (1)  : — 

Take  of  Benger's  Food  \  an  ounce,  water  2  ounces. 
Mix  and  add,  just  o£E  the  boil. 

Milk,  8  ounces 
Water,  2  ounces 

Set  aside  for  half  an  hour,  &c. 

At  8  or  9  months  of  age  and  sometimes  earlier  a  less- 
digested  Benger's  Food  may  be  used,  made  by  allowing 
the  mixture  to  stand  only  15  minutes  to  digest  instead  of 
half  an  hour  ;  or  the  meals  may  consist  alternately  of 
milk  and  barley  water,  and  prepared  Benger's  Food,  and 
subsequently  of  four  feeds  of  milk  and  barley  water,  to 
two  of  Benger's  Food,  prepared  according  to  the  Formulje 
of  Series  E,  up  to  12  months  of  age.  One  such  feed  daily 
may  be  given  with  advantage  until  the  child  is  taking  an 
ordinary  mixed  diet. 


=10  ounces. 
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Whenever  necessary  the  fat  in  any  of  the  series  can 
be  increased  by  adding  more  cream,  or  using  a  richer 
upper  milk,  e.g.,  the  top  half,  third,  or  quarter.  An 
excess  of  fat  must  always  be  avoided,  as  many  infants 
can  only  tolerate  it  in  small  amounts,  but  when  it  can 
be  taken  it  is  a  preventative  of  constipation  and  rickets. 
Shop  (centrifugal)  cream  ia  not  recommended,  but  if  it 
must  be  used  in  an  emergency  remember  that  it  contains 
twice  as  much  fat  as  ordinary  (gravity)  cream.  It  does 
not  mix  so  well  as  gravity  cream,  and  is  less  Hkely  to  agree. 
Special  care  should  be  taken  to  see  that  the  cream  is 
fresh,  perfectly  sweet,  and  free  from  preservatives, 
otherwise  it  is  sure  to  disagree.  When  adding  cream, 
one  teaspoonful  to  one  or  two  tablespoonfuls  may  be 
added  to  each  12  ounces  of  the  prepared  food,  and  it  may 
be  added  just  before  the  final  boil,  or  incorporated  with 
the  milk  mixture. 

Upper  or  top  milk  may  also  be  used  for  increasLug 
the  proportion  of  fat.  This  is  simply  fresh  milk  set 
aside  for  four  hours  in  a  hghtly  covered  jug  for  the 
creamy  portion  to  rise.  The  jug  should  be  kept  in  a 
cold  place,  a  refrigerator  if  available  in  summer,  otherwise 
on  a  window  ledge  having  a  north  aspect.  At  the  end 
of  the  four  hours  the  upper  half  can  be  ladled  off.  If 
only  the  upper  third  or  one-quarter  be  taken  off  it  will 
be  still  richer  in  fat.    (See  pages  35  to  37.) 


Amount  of  Food  Required  for  Each  Meal. 

The  quantities  given  on  the  labels  of  the  tins  of  Benger's 
Food  are  about  the  average.  Be  careful  not  to  overfeed. 
If  a  baby  is  much  above  the  normal  weight  for  its  age,  or 
is  increasing  in  weight  too  rapidly,  it  is  probably  being 
overfed. 
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A  baby  may  be  said  to  be  progressing  favourably  : — 
When  the  bowels  are  regular  and  the  stools  normal ; 
When    it    is    bright    and    cheerful,    and  sleeps 

comfortably ;  and 
When  the  weekly  increase  of  weight  is  : — 
Up  to  3  months  of  age,  5  to  7  ounces. 
3  to    6  months  of  age,  4  to  6  ounces. 
6  to    9  months  of  age,  3  to  6  ounces. 

How  to  use  the  Formulce  in  the  following  Schedule. 

The  ordinary  method  of  preparation,  as  given  on 
page  80,  is  to  be  followed,  but  in  each  case  two  ounces  of 
water  are  taken  from  the  total  of  12  ounces  of  fluid,  and 
this  cold  water  is  mixed  with  the  dry  food  ;  the  remaining 
10  ounces  are  to  be  brought  to  the  boil  and  added  accord- 
ing to  the  usual  directions. 

Double  the  quantities  given  in  the  Schedule  may  be 
used  at  one  operation  when  a  little  over  a  pint  of  prepared 
food  is  required.  Not  more  than  this  quantity  should 
be  made  from  these  formulae,  as  too  hot  a  mixture  for 
satisfactory  digestion  would  be  obtained.  Should  30 
ounces,  or  thereabouts,  be  wanted  during  the  day,  it  is 
preferable  to  make  one  lot  of  one  pint,  and  later  in  the 
day  a  second  lot  of  half-a-pint,  or  vice  versa. 

Quart  quantities  should  be  prepared  by  making  two 
separate  lots  from  the  one-pint  proportions. 

Any  prepared  food  not  required  for  immediate  con- 
sumption should  be  cooled  down  and  kept  in  a  covered 
jug  in  a  cold  place.  Stir  up  well  before  taking  the 
required  amount  when  wanted.  No  prepared  food  should 
be  kept  longer  than  a  day  in  cold  weather,  and  not  more 
than  eight  or  ten  hours  in  warm  weather.  See  specimen 
prescriptions  pages  68  and  69. 
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Specimen  prescription  using  ordinary  milk,  sugar  of  milk, 
and  cream. 

Suppose  No.  4  Formula  of  Series  B  was  selected. 
Take  of 


Water,  four  tablespoonfuls  (2  fl.  ozs.). 

Mix  together  in  a  basin  to  a  smooth  paste,  then  add 
gradually,  whilst  stirring,  half-a-pint  of  milk  and  water,* 
just  off  the  boil,  as  instructed  in  the  directions  on  the 
tin.  Set  aside  away  from  the  fire,  or  other  source  of  heat, 
to  digest  for  ^tu^*jt.Jc^  then  pour  into  a 

saucepan  and  slowly  heat,  whilst  stirring,  until  it  comes 
to  the  boil.    When  sufficiently  cool  it  is  ready  for  use. 

*  Use  milk,  water,  and  cream  in  the  following  pro- 
portions : — 

Milk,  ^Ulajc    /HJt.'.^^J^  . . .  N 


The  cream  to  be  obtained  by  setting  aside  a  pint  of 

fresh  cow's  milk  in  a  cool  place  iox  Si^<^  ^  hours,  then 

skimming  off  four  tablespoonfuls. 


Benger's  Food,  iH^Jt  -^tAC/  /o^O^u^^^^k/^uJC 

Sugar  of  Milk,  -^tx^cf  /^S^^i^f^V^^ 


Half-a-pint. 


Water,  S^t^^c—    /^ct-«<-02-<^. . . 


A  tablespoonful  equals  approximately  half  an  ounce. 


specimen  Prescription. 
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Specimen  prescription  using  "  upper  "  milk  and  no  sugar 
of  milk. 

Suppose  No.  2  Formula,  Series  D,  was  desired. 
Take  of 

Benger's  Food,  ^Tz^  ~^cf^  /£^i€e*:^Wv«^<ur^ 

Sugar  of  Milk,  (ktt^ — 

Water,  four  tablespoonfuls  (2  fl.  ozs.). 

Mix  together  in  a  basin  to  a  smooth  paste,  then  add 
gradually,  whilst  stirring,  half-a-pint  of  milk  and  water,* 
just  off  the  boil,  as  instructed  in  the  directions  on  the 
tin.  Set  aside  away  from  the  fire,  or  other  source  of  heat, 
to  digest  for  ^Mjimju^C^  pour  into  a 

saucepan  and  slowly  heat,  whilst  stirring,  till  it  comes  to 
the  boil.    When  sufl&ciently  cool  it  is  ready  for  use. 

♦Use  milk  and  water  in  the  following  proportions  : — 

Upper  Milk,  ^  c<£-c<^fJL<?  ") 

y  Half-a-pint. 
Water,    ^  ^^ce^tJ^  . .  ) 

The  "  upper  "  milk  to  be  obtained  by  setting  fresh 
new  milk  aside  in  a  covered  vessel  for  >/-  hours,  and  then 

taking  oflE  the  Cc^^t,  -i^MjC^  DHute  this  upper 
milk  as  directed  above. 

k  tablespoonful  equals  approximately  half  an  ounce. 
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FORMULA  FOR 

PREPARING  BENGER'S 

FOOD. 

PERCENTAGE  COMPOSITION  OF  AVERAGE  PREPARED  FOOD,  BASED  ON  NUMEROUS  ANALYSES. 

SERIKS 

Benger's  Food 

Sugar  of  Milk 

Fresh 
Cows'  Milk 

Upper 
Half  of 
Milk 

Gravity 
Cream 

Water 

Fat 

Proteins 

Sugars 

Starch 

Asli 

Caloric  Value 

per 
100  grammes 
of  food 

Caloric 
Value  per 
10 
onnces 

NOTES 

SERIES  A. 

For  Infants  of  from  1 
to  3  months  or  when 
Digestion  is  very 
weak. 

,  1* 

3 
(4 

J  oz.  or  2 

teaspoonfuls. 

) ) 
It 

J  OZ.  or  2 
larger  teaspoonfuls. 

7i 
ft 
II 

4  ozs. 

3J  ozs. 
3  ozs. 

4  ozs. 

2  OZ. 
1  OZ. 

8  OZS. 
If 
j» 
»> 

1  -21 
1-81 

1-  96 

2-  6 

1-45 

II 
11 

)» 

(Lactose 
Pextirines  and 
Maltose) 

5-6  to  5-9 

II 
'1 

>> 

•7  to  -4 

11 
If 
11 

■28 

jy 
it 
if 

43 

48-6 
50^0 
55^9 

122 
138 
142 
158 

(i.)  Qravity  Cream  means  cream 
skimmed  from  fresh  millc  which 
has  stood  in  a  covered  ba^ia  for 
6  hours.  One  pint  of  milk 
should  yield  2  ozs.  of  cream. 

SERIES  B. 

For  Infants  of  from 
3  to  6  months. 

(  1 

2 
3 

i  OZ.  or  1  level 
tablespoonful. 

}t 

jf 

it 

1  OZ.  or  1  heaped 
teaspoonful. 

a 
II 
II 

4  ozs. 

3J  ozs. 
3  ozs. 

4  ozs. 

A  OZ. 
1  OZ. 

8  OZS. 
)i 
»» 
>i 

1-22 
1-81 

1-  96 

2-  6 

1-70 

J1 
tt 
IJ 

6  to6-5 

II 
II 
II 

1-0  to  0-5 

it 
it 
II 

•  29 

13 
II 
II 

47^0 
52^5 
53^9 
59^8 

133 
149 
153 
169 

(ii.)  Uffer  Milk  means  the  upper 
half  of  milk  which  has  been  set 
aside  in  a  covered  vessel  for  4 
hours.  It  should  be  removed  by 
a  dipper  or  "  Gourmet "  sepa- 
rator. 

SERIES  C. 

For  Infants  of  from 
6  to  9  months. 

SERIES  D. 

For  Infants  of  from 
6  to  9  months. 

f  1* 
2 

\l 

I* 
2 
3 
4 

1) 
i» 
>> 
it 

ti 
ft 

None. 
II 

99 

ft 
II 
11 

6  ozs. 

5J  ozs. 
5  ozs. 

8  ozs. 

7|  ozs. 

7  ozs. 

6  ozs. 
8  ozs. 

J  OZ. 
1  OZ. 

i  OZ. 

1  OZ. 

6  ozs. 
)» 

ty 

4  ozs. 
>> 
i> 

1-  89 

2-  73 

2-  61 

3-  30 

2-  49 

3-  62 
3-20 
3-90 

2-32 

11 
»i 
II 

2-90 

» 
II 
II 

5.2to5.7 

H 
II 
II 

6  to  6-55 

II 
II 
II 

10  to  0-5 

II 
II 
11 

1  OtoO-S 

II 
II 
l> 

•43 

11 
>> 
II 

•56 

II 
11 
II 

52-5 
60-3 
59^2 

65  •e 

63-7 
74-3 
70^4 
76^9 

149 
171 
168 
186 

181 
211 
199 
218 

(iii.)  In  each  series  the  fat  can  be 
varied  at  wiU  by  varying  the 
proportion  of  in  ilk  and  cream, 
or  if  the  upper  \  of  milk  which 
has  stood  4  hours  be  used 
instead  of  the  upper  half,  the 
fat  will  be  increased  0^5  %. 

(iv.)  The  lower  proportion  of 
sugar  in  each  case  is  the  reslilt 
of  15  minutes'  digestion,  the 
higher  from  30  minutes,  a 
correspondingly  smaller  quan- 
tity of  starch  remaining  in 
solution. 

SERIES  E. 

For  Older  Children 
and  Adults. 

2  i 
3 

4 

|oz.  or  1 J  level 
tablespoonfuls. 
ti 

yy 
It 

l> 
fl 
II 
II 

10  ozs. 

91  ozs. 
9  ozs. 

10  ozs. 

A  OZ. 

1  OZ. 

2  ozs. 

♦  t 
»> 

3  05 
3-36 
3-74 
4.5 

3-66 

It 
l» 
II 

7-9to8-7 

»» 
l> 
II 

l-5toO-5 

II 
II 
II 

•70 
>> 
>> 

jt 

81-5 
84-4 
87^9 
95  0 

231 
239 
249 
270 

(v.)  Formula  No.  1,  Series  E,  will  be 
foimd  to  be  the  most  generaUv 
useful  for  older  children  and 
adults.  Allow  fifteen  minutes 
for  digestion. 

*  These  formulae  are  incorporated  in  the  general  directions  enclosed  with  each  tin  of  Benger's  Food. 
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PART  II. 


In  this  part  it  is  proposed  to  answer,  briefly,  questions 
which  are  repeatedly  put  to  the  manufacturers  on  the 
composition  of  the  "Benger"  products,  their  preparation 
or  use.  A  list  of  the  more  important  of  these  is  here 
given  : — 

(1)  Benger's  Food. 

(2)  „  Pancreatised  Lentil  Flour. 

(3)  „  Liquor  Pancreaticus. 

(4)  ,,  Peptonising  Powders. 

(5)  Peptonised  Beef  JeUy. 

(6)  „  Peptonised  Chicken  Jelly. 

(7)  „  Liquor  Pepticus. 

(8)  „  Pepsin  POls. 

(9)  ,,  Pancreatin  Pills. 

(10)  „  Essence  of  Rennet. 

(11)  „  Liquor  Thyroidui. 

(12)  Extract  of  Red  Marrow. 

(13)  „  Peptone  Suppositories. 


N-B.— To  Guard  against  Imitations  Physicians  should  speohty 
BENGER'S  PREPARATIONS. 
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TBADB  MARK. 

(BENGER'S  FOOD  is  a  reqistebed  trade  mark  in  the  ceief 

COTTNTRIES   OF   THE  WORLD.) 

A  mixture  of  wheat  flour  and  'pancreatic 
extract.  When  prepared  according  to  the  directions, 
most,  hut  not  all,  of  the  starch  is  converted  into 
soluble  forms.  The  proteid  is  partially  digested 
as  well  as  that  of  the  milk  used  in  mixing  it. 

(From  "Food  and  the  Principles  of  Dietetics,"  Robert 
Hutchison,  M.D.,  F.R.C.P.,  third  edition,  1911, 
page  468.) 


Whilst  the  above  is  substantially  correct  as  a 
general  description,  it  is  important  to  note  that 
the  composition  of  the  prepared  food  varies  with 
the  formula  used,  i.e.,  with  the  amount  of  food, 
proportion  of  milk,  or  "  upper "  milk,  and  water, 
cream,  etc.,  added,  and  the  length  of  time  for 
DIGESTION  GIVEN.     (See  Schedule  following  'page  69.; 
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The  following  is  the  result  of  an 
ANALYSIS  OF  BENGER'S  FOOD  AS  IT  STANDS  IN 


THE  TIN. 

Moisture    5,273 

Ash   0-969 

^'at   0-919 

Proteins   12-187 

TDextrines  and  Sugars    3-337 

Carbohydrates  <  Starch    77-023 

I  Cellulose   0-292 


100-000 

The  composition  of  the  Benger's  Food,  when  prepared 
and  ready  for  consumption,  will  be  found  in  the 
Schedule  following  page  69. 

A  careful  analysis  of  the  above  Ash  gave  the  following 
results  expressed  in  parts  per  100  : — 


Ferric  Oxide  and  Aluminia    0-570 

Calcium  Oxide    3-606 

Magnesium  Oxide   4-292 

Potassium  Oxide    15-027 

Sodium  Oxide    30-168 

Sodium  (in  combination)   3  •  625 

Sihca   1-332 

Sulphuric  Anhydride    6-927 

Carbonic  Anhydride   5-580 

Phosphoric  Anhydride  (P3O5)    23-261 

Chlorine    5-596 

99-974 


Ash  of  Cows'  and  Human  Milk.  77 

Present  knowledge  of  the  mineral  constituents  of 
both  cow's  and  human  milk  is,  as  yet,  incomplete,  and 
the  subject  is  stiU  under  revision.  The  following  may  be 
taken  as  representing  the  average  composition  of  the 
ash  of  each.  It  will  be  seen  that  the  ash  of  human  milk 
is  richer  in  potassium  and  chlorine,  and  poorer  in  phos- 
phorus and  calcium  than  that  of  cow's  milk. 


MINERAL  CONSTITUENTS  OF  COWS'  AND 
HUMAN  MILK 


Human 

Cows' 

Milk. 

Milk. 

Potassium  Oxide   

20 

•67  . 

23-92 

Potassium  (in  combination) 

3 

•  38  . 

8-07 

8 

•24  .. 

8^22 

22 

•78  . 

15-25 

Ferric  Oxide   

0 

•30  .. 

0-22 

Chlorine   

15 

•75  . 

20-04 

Magnesium  Oxide  

2 

■62     . . 

2-93 

Phosphoric  Pentoxide  P^  Or, 

26 

•  26  . 

21-35 

100 

•00  .. 

100-00 
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Alimentary  Enzymes. 


Benger's  Food  is  a  special  wheaten  flour  preparation 
containing  in  suitable  amount  the  two  active  digestive 
principles — Amylopsin  and  Trypsin. 

Further  it  is  devised  and  expressly  intended  to 
be  used  in  conjunction  with  fresh  cows'  milk,  or 
diluted  milk  if  desired. 

The  properties  of  the  two  enzymes  have  been  stated 
already,  but,  briefly,  their  function  in  this  combination 
of  milk  and  Benger's  Food  is  as  follows  : — 

In  the  first  place,  the  two  enzymes  are  in  such  a  con- 
dition as  to  readily  exert  their  digestive  powers  under  the 
suitable  conditions  which  obtain  during  the  preparation 
for  use,  as  given  on  page  80,  and  in  the  directions  which 
accompany  each  tin.  The  Amylopsin  acts  on  the  carbo- 
hydrate (Starch)  of  the  Food,  and  gradually  changes  it 
into  soluble  sugars  (Dextrine  and  Maltose,  mainly,  and, 
possibly,  some  little  Dextrose),  more  or  less  according  to 
the  length  of  time  allowed  for  digestion.  The  Trypsin 
acts  on  the  gluten  of  the  flour  and  on  the  proteins 
(Casein,  &c.)  of  the  milk,  so  that  the  curd  is  softened, 
and  as  a  result  it  separates  in  the  stomach  in  fine 
flocculse  instead  of  large  curds ;  very  little,  if  any, 
peptone  being  formed.  As  stated  on  page  49,  there  is 
not  sufficient  of  the  tryptic  enzyme  present  to  thoroughly 
convert  or  peptonise  the  casein  of  the  milk.  The  milk 
fat  is  unaffected. 

Finally,  Benger's  Food  contains  no  preservatives,  and 
is  free  from  rough  irritant  particles. 

These  considerations  show  that  Benger's  Food 
is  not  merely  a  mechanical  milk  modifier — it  is  a 
real  modifier  of  a  peculiar  character. 

Further,  it  will  be  recognised,  which  some  critics  of 
the  Food  have  failed  to  do,  that  Benger's  Food  is 
not  consumed  in  the  condition  in  which  it  stands  in  the 
tin — this  must  be  remembered  when  considering  the 
analysis  given  on  page  76. 


Benger's  Food  and  Its  Preparation.  79 

The  delicate  nature  of  Enzymes,  and  the  care  and 
skill  requisite  for  their  extraction  and  manipulation  is 
well  known.  It  is  important  to  remember,  also,  the  effect 
which  heat  has  on  these  digestive  principles  and  their 
activity,  especially  when  using  them  in  the  preparation 
of  partially-digested  foods.  The  endeavour  in  these  cases 
is  to  obtain  the  most  appropriate  range  of  temperature 
within  which  they  work  to  best  advantage.  As  applied 
to  the  pancreatic  ferments,  experiment  and  experience 
have  shown  this  to  be  between  100°  a,nd  150°  Fah.  Below 
the  former  the  action  is  retarded  and  from  160°  to  170°  Fah. 
is  likely  to  be  destroyed,  especially  if  the  temperature  is 
maintained.    Higher  temperatures  destroy  them. 

Probably  the  difficulties  at  first  experienced  in  the 
practical  application  of  these  digestive  agents  arises  in 
the  majority  of  cases  from  this  peculiar  susceptibility  to 
heat. 

These  and  other  considerations  entered  into  the  prob- 
lem of  drawing  up  the  directions  for  the  preparation  of 
Benger's  Food,  so  that  they  might  be  as  simple  as  possible 
having  regard  to  the  objects  in  view. 

The  following  are  the  "  Directions  for  Use  "  as  they 
appear  on  each  tin  of  Benger's  Food.  It  will  be  noticed 
they  are  general  directions,  and  so  framed  as  to  allow  of 
variation  when  this  is  desired. 
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Revised  Directions. 
These  revised  directions  are  the  outcome  of  special 
investigations  which  have  been  going  on  for  some  time. 
They  have  been  submitted  to,  and  approved  by,  eminent 
medical  authorities. 

Directions  for  Use. 

To  obtain  the  full  effect  of  the  digestive  'principles  contained  in  the 
Food,  it  is  imjportant  that  the  Directions  contained  in  the  Pamphlet  enclosed 
with  each  tin,  and  as  given  below,  be  carefully  followed.  Use  fresh  cows' 
milk,  free  from  preservatives,  and  never  prepare  the  Food  with  water  only. 

To  prepare  HALF  A  PINT  OF  FOOD  for  older  Children  and 
Adults : — 

Take  of  Benger's  Food  . .        . .  f  oz.  (1  table-spoonful),* 

Cold  Milk  or  Water    . .  2  fluid  ozs.  (4  table-spoonfuls), 
Mix  to  a  smooth  paste  in  a  basin,  and  then  add  gradually,  whilst 
stirring,  Boiling  Milk,  or  Milk  and  Water,  ^  a  pint  (a 
breakfast-cupful)  (see  N.B.  on  page  81). 
Set  aside,  away  from  the  fire,  or  other  source  of  heat,  for  quarter 
of  an  hour,  when  the  digestive  process  will  have  sufficiently  advanced, 
then  pour  into  a  saucepan  and  slowly  heat,  whilst  stirring,  till  it  boils. 
When  sufficiently  cool  it  is  ready  for  use. 

To  make  about  a  pint  of  Food,  double  the  above  quantities  are 
to  be  taken,  but  not  more  than  this  quantity  should  ever  be  made 
at  one  time  from  the  above  proportions. 

For  INVALIDS. — Whenever  the  digestion  is  very  weak,  the  mixed 
food  may  be  allowed  to  stand  for  half  or  three-quarters  of  an  hourt 
before  the  final  boil.  By  this  means  the  self-digestion  is  carried 
further.  In  most  cases,  however,  fifteen  minutes  is  sufficient  (see  ex- 
planation of  process  opposite).  For  Adults,  and  Children  over  nine 
months  of  age  who  have  taken  the  Food  for  some  time,  milk  only 
may  be  used  in  its  preparation,  and,  if  required,  any  suitable 
flavouring  agent  added,  such  as  salt  or  celery  salt.  A  little  cocoa 
or  milk  chocolate  is  found  agreeable  by  many. 

For  INFANTS. — The  proportions  of  milk  and  water  will  vary  with 
the  age  and  condition  of  the  child.  Infants  imder  three  months  will 
only  require  one-third  milk  and  two-thirds  water,  and  the  proportion 
of  milk  must  be  gradually  increased  until  milk  only  is  used. 

*  For  Infants  one  to  three  months  old  use  two  tea-spoonfuls  (loz.)  of  the 
Food-  three  to  nine  months  of  age,  use  one  level  table-spoonful  (4oz.)  of  the 
Food,  or  less  if  ordered,  and,  at  first,  set  aside  to  digest  for  haU  an  hour.  One 
or  two  tea-Bpoonfuls  of  sugar  or  sugar  of  milk  may  be  added,  and  a  little  cream 
in  certain  cases.  Formulaj  for  use  at  various  ages  are  given  in  the  pamphlet 
enclosed  with  each  tin,  pages  5  to  8.  This  Pamphlet  should  be  kept  and  care- 
fully studied  if  the  best  results  are  to  be  obtained.  

t  The  period  of  digestion  may  be  increased  or  decreased  if  desired  in  stages 
say  of  five  minutes.  See  Stage  UL,  page  82.  A  copy  of  this  Pamphlet  wiU  be 
sent  free  on  application. 
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Benger's  Food  in  its  dry  state  contains  no  added  sugar,  but 
when  prepared  the  starchy  matter  is  converted  into  sugar,  and  the 
prepared  Food  is  agreeably  sweet  and  quite  liquid,  so  that  it  can  be 
readily  administered  to  infants  from  an  ordinary  feeding  bottle. 

Always  stir  before  use,  to  ensure  uniformity  in  composition. 

N.B.— It  is  preferable  to  add  the  hot  fluid  when  just  off  the  boil, 
that  is,  when  it  has  just  settled  down  after  it  has  first  risen  in  the  pan. 
When  undiluted  milk  is  bemg  used  it  is  as  well  to  mix  the  dry  Food 
with  cold  water. 

See  also  Recipes  for  the  use  of  Benger's  Food  in  various  dishes  for  Invalids. 
NOTE  ON  FEEDING  INFANTS. 


Infants  of  the  same  age  vary  in  their  needs,  in  weight  and  conse- 
quent food  requirements.  The  following  Table  will  be  found  useful  as  a 
general  guide  to  the  amount  and  frequency  of  meals  for  hand-fed  children. 


Age  of 
Infant 

Time  of  Meals 

Number 
of  feeds 
in  24  hra. 

Quantity  at 
each  meal 

Total  amount 
in  24  hours 

2nd  Month 

Every  2}4  hours 
5  a.m.  to  iO-30  p.m. 

8  or  9 

4  to  6  table- 
spoonfuls 

}(  to\%  pints 

3rd  &  4th 
Month 

Every  2^  or  3 
hours 

7 

6  to  9  table- 
spoonfuls 

\%  Uil'A  pints? 

5th  &  6th 
Month 

Every  3  hours 

6  or  7 

9  to  12  table- 
spoonfuls 

\%  to  pints 

7th  to  9fch 
Month 

Every  3  hours 

6 

12  to  14  table- 
spoonfuls 

1^  to  2  pints 

One  feed  may  be  given  during  the  night  for  the  first  two  or  three 
months.  Afterwards  it  may,  usually,  be  discontinued  with  advantage. 
As  a  rule  all  changes  should  be  made  gradually. 

As  an  antiscorbutic,  a  dessert-spoonful  of  sweetened  fresh  orange 
juice,  or  grape  juice,  may  be  given  three  times  a  week  between  meals. 


Explanation  of  Process. 

In  these  directions  the  desired  range  of  temperature 
is  obtained  by  mixing  first  a  cold  fluid  and  the  Benger's 
Food,  then  to  this  gradually  adding  a  hot  fluid  ;  the 
mixture  is  then  set  aside  for  the  desired  length  of  time 
for  the  digestion  to  proceed,  and,  finally,  further  action 
is  checked  by  raising  the  mixture  to  bofling  point. 

These  or  similar  directions  have  been  in  use  for  over 
thirty  years,  and,  in  the  main,  have  met  all  requirements. 
The  maximum  temperature  usually  obtained  is  from 
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150  to  158°  Fah.,  and  the  mixture  when  set  aside 
immediately  begins  to  cool,  which  is  intended,  and  may  go 
down  to  110°  Fah.  Within  this  range  is  found  the 
best  all-round  temperature  for  the  purpose. 

The  directions  are  very  simple,  and  the  process  con- 
sists of  four  stages. 

Stage  I.— This  consists  in  taking  the  desired  amount 
of  the  Benger's  Food  and  incorporating  with  it  the  in- 
dicated quantity  of  cold  fluid  for  the  amount  of  prepared 
food  being  made.  If  Sugar  of  Milk  is  part  of  the  formula, 
this  should  first  be  mixed  with  the  dry  Food  before  the 
fluid  is  added. 

Stage  II. — This  stage  consists  m  heating  the  milk,  or 
milk  mixture,  and  adding  it  to  the  cold  mixture  provided 
in  Stage  I.  When  the  directions  are  followed  the  result- 
ing mixture  has  the  proper  temperature  for  the  action  of 
the  digestive  principles  in  the  Benger's  Food. 

Stage  III. — Period  of  digestion,  i.e.,  the  time  during 
which  the  warm  mixture  is  set  aside  to  digest.  The 
value  of  being  able,  by  varying  the  time  allowed  for 
digestion,  to  obtain  a  more  or  less  thorough  pre-digestion, 
and  the  application  of  this  in  the  adjusting  of  food  for 
particular  requirements  will  be  appreciated. 

Stage  IV. — ^At  the  end  of  the  time  desired  for  the 
period  of  digestion  in  Stage  III.  the  mixture  is  returned 
to  a  clean  saucepan  (aluminium  pans  answer  best),  and 
heated  to  boiling.  This  checks  any  further  action  of  the 
digestive  enzymes.  When  cool  it  is  ready  for  consumption. 

If  the  finished  product  is  slightly  sweet  and 
like  cows'  milk  in  consistence,  it  has  been  correctly 
prepared,  and  these  two  conditions  obtained  prove 
that  the  enzymes  were  active  and  have  done  their 
work. 

Benger's  Food  is  much  more  easy  to  prepare  than 
either  barley  water  or  a  gruel.    All  that  is  needed  is  to 

(1)  Follow  the  Directions. 

(2)  Use  good  fresh  Cows'  Milk  free  from  preservatives. 
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METHODS  FOR  THE  PREPARATION  OF  BENGER'S 
FOOD  IN  WHICH  A  TEMPERATURE  NOT 
HIGHER  THAN  170°  FAHR.  IS  ATTAINED, 
AND  THAT  ONLY  FOR  A  MINUTE  OR  TWO.* 

Place  the  required  amount  of  Benger's  Food,  or  Food 
and  Sugar  of  Milk,  in  a  dry  basin.  Then  take  the  whole 
of  the  milk,  or  milk  mixture,  cold,  and  gradually  mix 
with  the  Food.  In  practice  it  will  be  found  best  to 
proceed  by  measuring  first  about  four  tablespoonfuls  of 
the  fluid,  rub  this  to  a  creamy  mixture  with  the  Food, 
then  add,  whilst  stirring,  the  remainder  of  the  cold  fluid. 
Now  pour  the  whole  into  a  saucepan,  and  heat  on  a  gas 
burner.  Place  in  the  fluid  a  thermometer,  and  stir 
whilst  warming  until  exactly  150°  Fah.  is  attained. 
Remove  immediately  from  burner,  and  set  aside,  away 
from  heat,  to  digest.  During  this  period  the  temperature 
faUs,  which  is  intended.  At  the  end  of  the  time  allowed 
for  digestion,  return  to  the  gas  burner  and  warm  to  170° 
Fah.,  stirring  the  while  and  noting  the  temperature  by  a 
thermometer.  Remove  immediately  170°  Fah.  is  attained. 

The  object  of  this  method  is  to  injure  as  little  as 
possible  the  natural  antiscorbutic  property  of  fresh  cow's 
milk,  and  to  avoid  coagulation  of  the  lactalbumin.  The 
more  harmful  bacteria  are  probably  also  destroyed. 

As  this  method  requires  the  use  of  a  thermometer  and 
more  skill  in  preparation  than  is  usually  avaflable,  it  can, 
in  practice,  only  be  used  in  Institutions  and  other  cases 
where  these  requisites  are  to  be  found.  Some  physicians 
have  been  in  the  habit  of  giving  instructions  to  decide 
the  temperature  by  tasting,  and  others  use  the  ordinary 
method  of  preparation  given  on  the  labels,  but  instruct 

*  See  Report  to  Local  Government  Board  (New  Series  No.  63) 
upon  the  available  data  in  regard  to  the  value  of  boiled  milk  as  a 
food  for  Infants  and  young  animals.  By  Janet  E.  Lane-Olaypon,  M.D., 
p. Sc.  (Lond.) 
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that  the  hot  fluid  be  added  when  it  is  hot  enough  to  be 
sipped  with  comfort.  These  methods  are  not  recom- 
mended  as  they  do  not  give  uniform  results,  and  there 
IS  a  possibihty  of  more  unconverted  starch'  remaining 
in  the  prepared  food,  which  wiU  consequently  be  thicker. 
Where  this  is  not  an  objection  they  may  be  "adopted. 

It  may  be  pointed  out,  however,  that  for  general 
use,  the  customary  method  of  preparation  as  given  in 
the  Directions  with  each  tm  is  more  easily  followed,  gives 
the  best  uniform  results,  and  effects  a  more  certain  con- 
version of  the  starch. 

The  second  heating  in  the  method  of  preparation  is 
to  restrain  further  action  of  the  digestive  principles,  by 
destroying  them,  and  to  burst  any  unbroken  starch 
grains.  It  also  improves  the  flavour.  In  cases  where 
the  Food  is  for  immediate  consumption,  and  where  the 
starch  question  is  not  important,  this  second  heating  may 
be  omitted. 


Special  formulae. 

There  are  sometimes  special  cases  in  which  a  physician 
wishes  to  give  the  various  food  elements  in  known  pro- 
portions. 

The  formulae  given  in  the  Schedule  following  page  69, 
and  the  information  given  in  Chapter  II.  on  Milk,  Cream, 
and  Upper  Milks,  will  supply  the  requisite  information 
for  this  purpose. 

The  manufacturers  of  Benger's  preparations  will  be 
pleased  to  answer  enquiries  relating  to  the  preparation  of 
Benger's  Food ;  and  for  use  in  Institutions  and  for  other 
cases  where  larger  quantities  or  special  formulae  are 
desired,  they  will  be  gladly  supplied. 

The  Composition  of  the  Peepared  Benger's  Food. 

This  will  be  found  in  the  Schedule  of  Formulae  referred 
to  above. 
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On  the  Flavour  of  Prepared  Benger's  Food. 

This  is  of  a  slightly  sweet,  biscuity  character,  and  most 
people  prefer  it  as  it  is.  _ 

It  is  sometimes,  however,  desired  to  flavour  it,  and  it 
lends  itself  readily  to  the  addition  of  whatever  is  per- 
missible. Some,  usuaUy  adults,  add  Salt  or  Celery  Salt, 
which  cover  the  sUght  sweetness,  and  others  prefer 
Sugar  or  a  piece  of  Milk  Chocolate  dissolved  in  the  hot 
prepared  food.  Flavouring  essences  may  be  added  to 
obtain  variety,  or  spices  such  as  grated  nutmeg  or 
cinnamon,  or  a  piece  of  lemon  rind. 

A  raw  egg  beaten  up  with  the  prepared  food  is  a 
favourite  addition. 

Brandy  or  whisky  is  sometimes  ordered  to  be  added 
to  the  prepared  food  just  before  being  consumed. 

Some  people,  again,  like  the  prepared  food  mixed 
with  an  equal  amount  of  freshly-made  tea  or  coffee. 

Special  Invalid  Dishes  wiU  be  found  in  a  booklet, 
obtainable  from  the  manufacturers,  entitled  "  Benger's 
Food  and  How  to  Use  It." 

Administration  of  Fruit  Juice. 

When  the  prepared  food  is  being  taken  by  Infants 
for  lengthened  periods,  it  is  suggested,  as  a  precautionary 
measure,  that  a  little  fresh  fruit  juice  or  raw  meat  juice  be 
administered  for  their  antiscorbutic  properties. 

Sugar  of  Milk  (Lactose). 

This  form  of  sugar  is  preferred,  as  a  rule,  for  use  in 
Infant  feeding.  It  does  not  ferment  so  readUy  as  cane 
sugar,  and  is  less  sweet.  Sugar  of  Milk  possesses  slightly 
laxative  and  diuretic  properties  ;  for  these  reasons  it 
may  be  desirable  to  reduce  the  quantity,  or  omit  it 
altogether,  in  diarrhoea  or  where  there  is  looseness  of  the 
bowels. 

The  B.P.  quality  should  be  used. 
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Cost  to  Consumer  of  Pbepared  Bbnger's  Food. 

Assuming  that  fourpence  per  quart  is  paid  for  milk 
the  cost  of  a  quart  of  prepared  Benger's  Food  will  be 
from  fourpence  to  eightpence,  according  to  the  propor- 
tion of  milk,  etc.,  used. 

Measures. 

The  capacity  of  domestic  spoons  varies  very  much, 
and,  therefore,  where  accuracy  is  desired  the  dry  materials 
should  be  weighed  and  a  graduated  measure  used  for 
fluids. 

The  following  are  approximate  : — 

One  level  dessertspoonful  of  Benger's  Food   Joz. 

One  level  tablespoonful  „  ^qz! 

One  slightly  heaped  tablespoonful  ','    ioz.' 

A  little  less  than  a  level  tablespoonful  of  Sugar  of 

Milk  (Powder)    joz, 

A  little  less  than  a  level  dessertspoonful  of  Sugar 

of  Milk  :   |.oz. 

A  level  teaspoonful  of  Sugar  of  Milk    60-70  grain. 


Pancreaiised 


Lentil  Flour. 
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PANCREATISED  LENTIL  FLOUR. 

This  preparation  is  made  on  the  same  principles  as 
Benger's  Food,  but  with  specially  prepared  and  baked 
Lentil  Flour.  It  contains  the  enzymes  Amylopsin  and 
Trypsin,  and,  like  the  food,  is  used  with  fresh  cow's 
milk. 

LentUs  form  a  highly  nutritious  food,  being  especially 
rich  in  nitrogenous  material,  and  the  method  of  prepara- 
tion makes  them  more  easy  of  digestion. 


/ 
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LIQUOR   PANCREATICUS*  AND 
PEPTONISING  POWDERS. 

A  description  of  the  pancreatic  secretion,  its  composi- 
tion and  properties  will  be  found  in  the  first  chapter 
of  this  book.  Here  we  may  say,  briefly,  that  the  action 
of  the  pancreatic  juice  consists  in  the  digestion  of  carbo- 
hydrates and  proteins,  such  as  casein  of  milk  and  those 
belonging  to  the  same  category  as  the  fibrin  of  flesh,  as 
well  as  in  the  hydrolysis  and  emulsification  of  fats. 
Unlike  pepsin,  the  enzymes  of  the  pancreas  perform 
their  functions  in  an  alkaline  medium,  but  they  can 
carry  them  out  in  neutral  or  even  slightly  acid  media. 
When  the  Liquor  Pancreaticus  is  to  be  administered  it 
is  desirable  to  avoid  mixing  it  with  mineral  acids,  but 
there  is  no  reason  to  fear  that  its  action  will  be  inhibited 
at  once  if  given  to  a  patient  during  a  meal  or  immediately 
afterwards,  because  the  amount  of  acid  in  the  gastric 
juice  at  those  times  is  too  small  to  effect  the  amylopsin, 
and,  further,  the  hydrochloric  acid  of  the  stomach  con- 
tents is  not  in  a  free  state  but  in  combination  with  the 
organic  constituents.  See  also  Digestion  in  the  stomach, 
page  7. 

The  Present  State  of  Knowledge 

concerning  the  digestive  processes  confirms  clinical 
experience  in  the  beneficent  results  which  are  obtainable 
by  the  use  of  Liquor  Pancreaticus. 

The  Composition 

of  the  Liquor  Pancreaticus  is  precisely  that  of  the  natural 
secretion  with  the  exception  that  it  contains  a  small 
quantity  of  dilute  alcohol,  which  is  added  for  the  purpose 

*  Liquor  Pancreaticus  (Benger)  is  the  original  preparation,  and 
as  made  for  the  late  Sir  W.  Eoberts,  M.D.,  &o. 
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of  preventing  decomposition.  When  the  delicate  nature 
of  these  enzymes  is  remembered  it  will  be  apparent  how 
essential  it  is  that  they  should  not  be  submitted  to  any 
degree  of  desiccation  before  being  used  for  medicinal 
purposes.  The  Liquor  Pancreaticus  is  a  simple  liquid 
extract  prepared  with  the  aid  of  the  most  efficient 
apparatus  and  care  direct  from  the  fresh  gland,  and 
therefore  possesses,  when  properly  administered,  a 
maximum  efficiency. 

As  fluid  preparations  of  enzymes  gradually 
lose  their  activity  on  keeping,  it  is  desirable  that 
they  should  be  used  within  a  reasonable  time, 
say  twelve  months. 

LIQUOR  PANCREATICUS  WITH  OR 
AFTER  MEALS. 

One  or  two  teaspoonfuls  of  Liquor  Pancreaticus  may 
be  mixed  with  a  wineglassful  of  water,  and  sipped  during 
meals  consisting  of  starchy  or  farinaceous  foods.  It 
may  also  be  taken  two  or  three  hours  after  meals  ;  in 
the  latter  case  it  is  well  to  add  about  15  grains  (quarter  of 
a  level  teaspoonful)  of  Bicarbonate  of  Soda,  to  protect 
the  pancreatic  ferments,  for  a  time,  against  the  action  of 
the  acid  juices  of  the  stomach. 

PEPTONISED  MILK  AND  NUTRIENT 
ENEMATA. 

Whatever  be  the  nature  of  the  foods  given  by 
nutrient  enemata,  most  prescriptions  order  some  pep- 
tonised  milk  to  make  up  the  bulk  to  the  necessary  number 
of  ounces  to  be  administered.  Liquor  Pancreaticus  is 
peculiarly  adapted  for  the  predigestion  of  the  milk,  and 
the  process  should  be  carried  out  more  thoroughly  for  use 
this  way  than  it  can  for  oral  feeding,  the  bitterness  which 
results  from  more  prolonged  or  thorough  predigestion 
being  no  objection. 
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PEPTONISING  OF  MILK  AND  MILK 

FOODS. 

Use  Fresh  Cows'  Milk  or  Good  Flavour, 
FREE  from  Preservatives. 

A  perusal  of  Chapter  II,  will  show  the  import- 
ance of  taking  care  to  secure  a  cow's  milk  suitable 
for  invalid  feeding.  Whilst  some  preservatives  in  the 
amount  generally  used  to  preserve  milk  appear  to  have 
little  action  on  the  enzymes,  others  interfere  and  retard 
their  digestive  power.  That  the  mUk  be  of  good  flavour 
and  fresh  is  important,  for  if  one  peptonises  an  already 
flavoured  milk  the  objectionable  features  seem  to  be 
accentuated,  and  much  the  same  apphes  to  peptonising 
old  milk  or  milk  kept  by  means  of  preservatives,  in  which 
slow  change  of  the  milk  constituents  has  probably  alreadj^ 
taken  place.  There  is  a  considerable  difference  between 
peptonised  fresh  milk,  and  the  same  milk  peptonised 
after  it  has  been  kept,  especially  if  it  has  not  been 
stored  in  a  suitable  manner.  Many  of  the  complaints 
or  defects  of  peptonised  milk  and  milk  foods  arise  from 
one  or  other  of  these  causes. 

The  peptonisation  of  milk  is  brought  about  by  the 
use  of  the  pancreatic  enzyme  trypsin  in  the  presence 
of  bicarbonate  of  soda.  Liquor  Pancreaticus  (Benger) 
or  Benger's  Peptonising  Powders  may  be  used  for  the 
purpose  ;  they  contain  both  trypsin  and  amylopsin  in 
a  specially  suitable  and  active  form,  purified  from 
inert  protein  material.  It  will  be  remembered  that  these 
ferments  act  best  in  alkaline  solution  and  within  a  certain 
range  of  temperature  only.  The  temperature  of  greatest 
activity  of  trypsin  on  milk  is  about  60°  C.  (140°  Fah.);  at 
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ordinary  temperatures  the  change  is  slow,  from  160°  to 
170°  Fah.,  the  activity  gradually  becomes  weaker. 

The  milk  for  peptonising  is  always  diluted,  as  by  this 
means  the  action  of  the  clotting  ferment,  associated  with 
the  other  pancreatic  enzymes,  is  obviated ;  the  alkali, 
besides  mcreasing  the  action  of  the  tryptic  ferment, 
keeps  in  solution  bodies  formed  during  the  process  of 
digestion  which,  ia  the  absence  of  the  alkali,  would  pre- 
cipitate on  boiling.  The  alkali  also  restrains  the  curdling 
of  the  peptonised  fluid  by  the  gastric  juice  when  con- 
sumed. 

Artificial  digestion,  Hke  cooking,  must  be  regulated  as 
to  its  degree,  and  it  is  easy  to  regulate  it  by  the  length  of 
time  during  which  the  process  is  allowed  to  go  on.  The 
practical  rule  for  guidance  ia  peptonising  articles  of  food 
containing  milk  is  to  allow  the  process  to  go  on  until  a 
perceptible  bitterness  is  developed,  but  not  unpleasantly 
pronounced,  and  not  longer.*  As  soon  as  this  point  is 
reached,  or  just  before,  the  milk  or  milk  mixture  should  be 
consumed,  or,  if  not  required  at  once,  should  be  quickly 
boiled  for  a  minute,  so  as  to  put  a  stop  to  further  changes 
which  would  render  the  product  less  palatable.  The 
extent  of  the  peptonising  action  can  be  regulated  either 
by  increasing  or  diminishing  the  quantity  of  the  Liquor 
Pancreaticus  or  Peptonising  Powders,  and  by  increasing 
or  diminishing  the  time  during  which  they  are  allowed  to 
act  on  the  mUk,  &c.  The  bitter  taste  referred  to  is  only 
produced  ia  articles  of  food  containing  milk.  In  pep- 
tonising these,  therefore,  it  is  important  not  to  carry  the 
process  so  far  as  to  render  them  unpalatable. 


*  In  the  majority  of  cases  it  is  not  necessary  to  digest  until  this 
bitterness  is  noticed  ;  having  once  ascertained  the  onset  of  bitterness, 
it  is  advisable  to  boil  up  quickly  a  little  before  the  bitter  stage. 
By  this  means  a  partially-peptonised  milk  of  good  flavour  is  obtained 
which  is  more  palatable  and  acceptable  to  invalids. 


II 
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PREPARATION  OF  PEPTONISED  MILK 
IN  THE  COLD. 

(Sir  W.  Roberts'  Process.) 

The  action  of  pancreatic  extract  on  milk  goes  on  at 
the  ordinary  temperature  of  the  air  exactly  in  the  same 
way  as  at  blood  heat,  except  that  it  is  slower  and 
requires  a  longer  time  for  completion.  The  cold  method 
has,  however,  a  convenience  and  simpHcity  wliich  recom- 
mends it  for  general  use  in  the  sick-room.  The  following 
directions  have  been  drawn  up  for  the  preparation  of 
peptonised  milk  at  a  temperature  of  60°  to  66°  Fah., 
which  may  be  regarded  as  the  ordmary  degree  of  warmth 
maintained  in  rooms  occupied  by  invahds.  In  the  winter 
season  it  wiU  be  necessary  to  sHghtly  warm  the  ingredients 
beforehand  in  order  to  bring  them  to  the  due  temperature, 
but  in  the  warmer  seasons  the  operations  can  be  carried 
on  without  any  prehminary  heating. 

A  pint  of  milk  is  diluted  with  half  a  pint  of  water 
containing  20  grains  of  bicarbonate  of  soda  in  solution. 
To  this  are  added  one  to  three  teaspoonfuls  of  Liquor 
Pancreaticus  (Benger),*  The  mixture  is  then  set 
aside  in  a  jug  or  other  convenient  vessel  for  a 
period  of  three  to  four  hours.  At  the  expiration  of  this 
time  the  milk  is  far  advanced  in  the  process  of  digestion, 
and  has  developed  a  shghtly  bitter  taste.  It  is  now  ready 
for  use.  It  may  be  used  cold,  either  alone  or  with  soda 
water,  which  covers  the  bitterish  taste  remarkably  well, 
or  it  may  be  warmed  and  sweetened  for  administration 
to  infants. 

If  milk  thus  prepared  be  consumed  at  the  period 
indicated — that  is  to  say,  at  the  end  of  three  or  four  hours 


*  If  Peptonising  Powders  are  preferred  use  half  a  powder  and  no 
bicarbonate  of  soda. 
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it  need  not  undergo  any  final  boiling  ;  it  is  better,  indeed, 
to  use  it  without  boiling,  because  the  haK-finished  process 
of  digestion  will  still  go  on  for  a  time  in  the  stomach. 
But  if  the  milk  thus  prepared  has  to  be  kept  much  longer, 
it  is  advisable  to  raise  it  for  a  moment  to  the  boiling 
point,  so  as  to  bring  the  action  of  the  ferment  to  a  ter- 
mination, and  thus  prevent  ulterior  changes  which  render 
the  product  disagreeable  to  the  palate. 

The  process  can  be  regulated  with  the  utmost  nicety 
by  occasionally  tasting  the  mixture,  and  noting  the 
development  of  the  bitter  flavour,  and  it  can  be  perma- 
nently arrested  at  any  moment  by  heating  the  product 
to  the  boihng  point. 


PEPTONISED  MILK— WARM  PROCESS. 

This  yields  a  well-digested,  but  usually  too  bitter  a 
peptonised  milk  for  many.  It  can  be  used  for  enemata 
without  objection. 

Mix  two-thirds  of  a  pint  of  fresh  milk  with  one-third 
of  a  pint  of  water,  and  warm  in  a  saucepan  to  a  tempera- 
ture of  about  140°  Fah. — that  is,  as  hot  as  can  be  tasted 
without  burning  the  mouth  ;  then  pour  into  a  jug  or 
basin ;  add  one  or  two  teaspoonfuls  of  Liquor  Pan- 
creaticus, and  half  a  level  teaspoonful  of  Bicarbonate  of 
Soda,  or  half  a  Benger's  Peptonising  Powder  and  no  Bicar- 
bonate of  Soda  ;  stir,  and  set  aside.  In  a  few  minutes  a  con- 
siderable change  will  have  taken  place  in  the  milk,  but 
in  most  cases  it  is  best  to  allow  the  digestive  process  to 
go  on  from  ten  to  twenty  minutes,  according  to  the 
degree  of  peptonisation  or  predigestion  desired.  Partially 
peptonised  milk  is  scarcely  distinguishable  in  taste  from 
ordinary  milk,  though  it  is  very  much  more  digestible. 
As  the  process  of  peptonisation  or  digestion  goes  on 
a   bitterness  is  developed    which  is  unobjectionable 
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to  many  palates ;  a  few  trials  will,  however,  indicate 
the  limit  most  acceptable  to  the  individual  patient,  and 
as  soon  as  this  is  reached  the  milk  must,  if  not  requked 
by  the  patient  at  once,  be  boiled  up  to  prevent  further 
action  of  the  Liquor  Pancreaticus.  The  addition  of  a  httle 
cofEee  to  peptonised  milk  effectually  covers  the  sUghtly 
bitter  taste.  If  peptonised  milk  is  consumed  at  the  period 
indicated,  that  is  to  say,  at  the  end  of  ten  to  twenty 
minutes,  it  need  not  undergo  any  final  boiling ;  it  is 
better,  indeed,  to  use  it  without  boiling  (unless  it  is 
desired  to  sterilise  the  milk),  because  the  half -finished 
process  of  digestion  will  go  on  for  some  time  in  the 
stomach. 


PARTIALLY  PEPTONISED  MILK. 

This  process  is  recommended  where,  as  in  the  majority 
of  cases,  partial  peptonisation  is  all  that  is  required.  It 
yields  a  fluid  of  good  flavour,  free  from  any  disagreeable 
bitterness,  and  the  curd  is  softened  sufficiently  so  that 
on  the  addition  of  Essence  of  Rennet  and  HCl.  (0  •  2  per 
cent.)  after  the  alkali  has  been  neutraHsed,  the  casein 
precipitates  in  fine  flocculse. 

Process. 

Mix  together  two-thirds  of  a  pint  of  cows*  milk  and 
one-third  of  a  pint  of  cold  water.  Take  one-half  of  this 
and  raise  to  boiling.  Remove  from  the  fire  and  mix 
this  immediately  with  the  remaining  half  of  cold  mflk  and 
water.  This  yields  a  temperature  suitable  for  the  action 
of  the  trjrptic  ferment — there  is  no  fear  of  destroying 
this  by  the  temperature  being  too  high.  Now  add  one- 
half  of  a  Benger's  Peptonising  Powder.  Allow  to  stand 
away  from  the  fire  for  five  to  ten  minutes — not  longer — 
then  raise  the  whole  quickly  to  boiling  point  to  check 
further  action,  unless  it  is  for  immediate  consumption. 
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Instead  of  the  Peptonising  Powders,  one  teaspoonful  of 
Liquor  Pancreaticus  (Benger)  and  ten  grains  (a  salt- 
spoonful)  of  Bicarbonate  of  Soda  may  be  used.  If  more 
thorough  digestion  is  desired,  use  a  little  more  of  the 
Peptonising  Powder,  or  Liquor  and  Soda,  or  allow  to 
stand  a  little  longer  before  boiling  up. 

The  following  is  the  composition  found  by  analysis  of 
a  peptonised  milk  prepared  by  the  process,  using  the 
Peptonising  Powders  and  digesting  ten  minutes. 

Fat   3  •  02  per  cent. 

MOk  Sugar   3-60 

Casein    1-60 

Soluble  Proteins    0-84 

Ash   0.60 

It  may  be  sweetened  and  flavoured  with  vanilla  or 
lemon  rind,  or  made  up  with  cocoa  or  chocolate,  &c. 


PEPTONISED  BEEF-TEA. 

Half  a  pound  of  finely  minced  lean  beef  is  mixed  with 
a  pint  of  water.  This  is  simmered  for  an  hour  and  a 
half  and  then  cooled  down  to  a  lukewarm  tempera- 
ture (about  140°  Fah.) ;  a  tablespoonful  of  the  Liquor 
Pancreaticus  is  then  added,  and  the  whole  kept  warm  for 
two  hours,  and  occasionally  stirred.  At  the  end  of  this 
time  it  is  boiled  for  five  minutes,  and  the  liquid  portion, 
measuring  about  half  a  pint,  is  strained  off.  Beef  tea 
prepared  in  this  way  is  rich  in  peptone,  highly  nutritious, 
and  of  very  agreeable  flavour. 

N.B. — ^Flavouring  agents  may  be  added  to  any  of  the 
above  preparations  if  thought  desirable. 

Either  Liquor  Pancreaticus  or  Benger's  Peptonising 
Powders  may  be  used  in  the  above  preparations. 

These  directions  for  the  use  of  Liquor  Pancreaticus  have  been  revised, 
and  are  mainly  reprinted  from  Sir  William  Roberts'  Lumleian  Lectures. 
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PEPTONISED  BEEF   AND  CHICKEN 

JELLIES. 

These  preparations  are  carefully  made  by  methods 
similar  to  those  used  in  the  preparation  of  Peptonised 
Milk.  Selected  meat  and  chickens  are  taken,  and  the 
peptonised  broth  made  from  each  is  concentrated,  and 
solidified  by  means  of  gelatine.  They  are  slightly 
flavoured,  but  can  be  supplied  unflavoured  if  so  desired. 

By  request  of  medical  men,  and  for  reasons  readily 
understood,  no  preservatives  are  put  into  these  Jellies. 
As  a  consequence,  effective  sterihsation  and  hermetic 
sealing  have  to  be  looked  to  for  their  keeping  good.  The 
Jellies  are  sent  out  in  glass  jars.  When  opened,  the 
contents  should  be  consumed  within  three  or  four  days. 

For  use,  one  or  two  teaspoonfuls  of  the  Jelly  are  dis- 
solved in  hot  water  and  flavoured  according  to  taste. 
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LIQUOR  PEPTICUS  (BENGER). 

The  Aim 

to  be  held  in  view  in  administering  Pepsin,  and  its 
preparations,  is  the  reinforcing  of  the  action  of  the  natural 
secretion — the  gastric  juice.  In  order  to  do  this  intelh- 
gently  it  is  necessary  to  have  a  clear  idea  of  the  com- 
position of  the  natural  fluid,  otherwise  there  is  con- 
siderable risk  of  the  patient  deriving  no  benefit  from 
the  medicine,  and  there  is  consequent  condemnation 
of  the  medicine. 

Gastric  Juice, 

according  to  the  most  trustworthy  researches,  consists 
of  a  nearly  colourless  fluid  having  a  strongly  marked 
acid  reaction.  The  acidity  is  due  to  free  hydrochloric 
acid,  which  is  present  to  the  extent  of  from  two  to  three 
parts  (of  true  hydrochloric  acid — H  CI)  per  thousand  ; 
in  perfectly  healthy  persons  it  may  be  somewhat  more. 
There  is  good  reason  for  believing  that  a  portion  of 
the  acid  is  in  combination  "with  organic  substances.  In 
addition  to  the  hydrochloric  acid  there  are  two  other 
bodies  of  physiological  significance,  namely,  rennin  and 
pepsin  ;  the  latter  is  of  the  first  importance,  and  is  the 
active  agent  of  the  Liquor  Pepticus. 

Numerous  researches  and  an  immense  volume  of 
clinical  experience  have  shown  that  the  maximum 
activity  of  pepsin  is  only  displayed  in  the  presence  of 
hydrochloric  acid. 

A  knowledge  of  the  essential  composition  of  the 
gastric  juice  indicates  the  conditions  under  which  the 
peptic  enzyme  carries  out  the  digestive  process  as  far 
as  proteolysis  is  concerned.  The  delicate  nature  of 
this  substance  is  frequently  overlooked.  It  is  most 
desirable  that  we  should  know  the  conditions  which 
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may  annul  its  activity  or  destroy  it.  Pepsin  wiU  not 
dissolve  proteins  in  either  neutral  or  alkaline  solutions. 
A  weak  solution  of  sodium  carbonate  suffices  to  destroy 
it  at  the  body  temperature.  The  Liquor  Pepticus, 
therefore,  should 


NOT  BE  PRESCRIBED 

with  alkaline  substances  in  any  proportion  whatever. 
The  following  prescriptions  represent  combinations  which 
should  be  most  carefully  avoided,  because  the 
resulting  mixture  in  each  case  would  be  alkahne,  and 
the  Liquor  Pepticus  Avould  be  rendered  inert. 

(1)  Liquor.  Peptici  (Benger) 
Spirit.  Ammon.  Aromat . . 
Tinct.  Nucis  Vomic. 
Infusi  Gentian.  Comp.  ad 
M.  ft.  Mistura. 


(2)  Liquor.  Peptici  (Benger) 
Liquor.  Bismuthi 
Tinct.  Chloroform,  et  Morphin. 
Sodii  Bicarbonat . . 
Infusi  Aurant.  Recent,  ad 
M.  ft.  Mistura. 


3w. 


In  the  following  example  the  acid  in  the  Liquor 
Pepticus  destroys  the  enzymes  in  the  Liquor  Pancreaticus : 

Liquor.  Peptici  (Benger). 
Liquor.  Pancreatici  (Benger). 
Equal  parts. 

Equally  lacking  in  peptic  efficiency,  and  for  the 
same  reason,  are  numerous  mixtures  and  elixirs 
containing  pepsin  and  bismuth,  and  often  other  con- 
stituents. Nearly  all  these  preparations  have  an 
alkaline    reaction    fatal    to    pepsin.      Another  sub- 
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stance  which  is  incompatible  with  the  Liquor  Pepticus, 
is  alcohol  in  a  concentrated  or  moderately  concen- 
trated state.  If  it  is  desired  to  administer  them 
together,  the  alcoholic  fluid  should  be  diluted  before 
mixing.  The  proteolytic  power  of  pepsin  is  materially 
retarded  by  preparations  of  iron,  metallic  salts, 
preparations  containing  tannin,  and  many  synthetic 
remedies  such  as  gluside  (saccharin)  and  phenazone 
(antipyrin).  In  order  to  obtain  the  best  results  from  the 
use  of  Liquor  Pepticus,  it  is  recommended  that  it  should 
be  prescribed  alone.  Should  the  prescriber  wish  to  com- 
bine with  it  medicaments  of  a  tonic  nature,  he  will 
understand,  from  what  has  been  said,  how  desirable  it 
is  that  he  should  select  such  as  are  free  from  astring- 
ency  and  alkalinity. 

It  is  also  advisable  that  preparations  containing 
alkaloids  should  be  avoided,  as  these  bodies  for  the  most 
part  retard  the  activity  of  peptic  digestion.  If  a  know- 
ledge of  the  conditions  of,  and  the  substances  taking 
part  in,  the  normal  proteolytic  digestive  process  are 
allowed  to  govern  the  administration  of  the  Liquor 
Pepticus,  the  prescriber  will  not  fail  to  confirm  the  ex- 
perience of  a  generation  of  practitioners  to  the  effect 
that  the  Liquor  Pepticus  (Benger)  is  the  most  efficient 
preparation  of  its  kind. 
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PEPSIN  PILLS  (BENGER). 

Each  PiU  contains  two  grains  of  purified  pepsin  pre- 
pared in  the  Benger  laboratories.  They  are  active  and 
convenient  when  this  method  of  administration  is  desired. 
Their  action  is  on  protein  material  only. 


PANCREATIN  PILLS  (BENGER). 

Each  Pill  contains  one  grain  of  purified  pancreatin 
extracted  and  prepared  in  the  Benger  laboratories.  They 
contain  the  starch  converting  and  protein  digesting 
properties  of  the  pancreatic  fluid.  The  Pills  are  coated 
with  Keratin  to  protect  the  enzymes  from  the  acid  in 
the  stomach  ;  they  dissolve  in  the  alkaline  secretions  in 
the  duodenum. 


ESSENCE  OF  RENNET. 

This  is  a  permanent  and  very  active  preparation  con- 
taining the  enzyme  rennin,  Avhich  has  the  property  of 
curding  or  coagulating  milk.  It  is  not  a  brine  prepara- 
tion. The  Essence  is  chiefly  used  in  the  preparation  of 
Whey  (see  page  38),  and  for  producing  curds  and 
junkets. 


LIQUOR  THYROIDIN. 

A  glycerine  and  water  extract  of  selected  fresh 
Thyroid  glands  obtained  from  healthy  sheep.  Care  is 
necessary  in  their  selection  and  preparation,  and  this  is 
guaranteed.  One  fluid  ounce  equals  two  lobes,  i.e.,  one 
complete  Thyroid  gland.    Dose  :  One  teaspoonful. 
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RED  MARROW  EXTRACT. 

This  is  made  according  to  the  instructions  of  the 
physician  who  originaUy  suggested  its  use  in  medicine. 
Care  in  the  selection  and  manipulation  of  suitable  raw- 
material  is  very  necessary.  The  menstruum  is  a  mixture 
of  glycerine  and  water,  and  the  marrow  is  obtained  from 
the  bones  of  calves. 

Marrow  Extract  appears  to  be  an  agent  capable  of 
affording  valuable  aid  in  the  treatment  of  Aniemia,  and 
also  of  Oligsemia  due  to  loss  of  blood  from  causes  such  as 
Placenta  prsevia,  Ha;morrhoids,  and  Wounds. 

Dose  :  One  teaspoonful. 


PEPTONE  SUPPOSITORIES. 

These  are  prepared  from  Meat  Peptone,  which  is 
incorporated  with  olive  oil  and  the  mass  enclosed  in  a 
shell  of  Cacao  Butter. 


QUOTATIONS  AND  REFERENCES  FROM 
MEDICAL  WORKS,  MEDICAL  JOUR- 
NALS, NURSING  JOURNALS,  &c. 


Benger's  Preparations  are  mentioned  in  many  Medical 
Works,  &c.  Below  are  given  a  few  quotations  and 
references. 

Messrs.  Benger  acknowledge  their  indebtedness  to 
the  authors  and  pubhshers  of  the  various  works  and 
periodicals  from  which  quotations  have  been  taken  or 
to  which  reference  is  made. 


Medical  Works. — 

Diseases  or  the  Stomach,  hy  S.  H.  Hah&rshon,  MA 
M.D.,  F.R.C.P.,  1909. 

Frequent  mention  is  made  of  the  use  of  Liquor  Panoreatious 
(Benger)  and  Benger's  Pood  in  dietetic  treatment  and  nutrient  enema. 

From  the  recent  edition  of  the  Rotunda  Practical  Mid- 
wifery, hy  E.  Hastings  Tweedy,  F.R.C.P.,  dhc,  and 
G.  T.  Wrench,  M.B.,  M.R.G.8.    Page  414:— 

"  Benger's  Food  wo  have  found  of  real  use  in  quite  young  infants 
who  were  gomg  progressively  backwards  or  were  stationary  on  other 
foods."  ^ 

System  of  Medicine,  ed,ited  hy  Sir  Clifford  Allhutt, 
K.G.B.,  M.D.,  Vol.  III.,  1897.  Article  on  Ulcer  of 
THE  Stomach,  page  543,  hy  Professor  Dreschfeld, 
M.D.,  dbc. 

"  Before  giving  the  nutritive  injection,  the  rectum  should  be  emptied 
by  one  of  water.  The  nutritive  enema  may  be  given  every  four  to  six 
hours.  Milk  gruel  is  prepared  by  mixing  equal  parts  (about  10  oz.) 
of  milk  and  thick  gruel,  and  to  this  two  teaspoonfuls  of  Benger's 
Liquor  Pancreatious  and  30  grains  of  bicarbonate  of  soda  are  added." 

"  If  the  patient  gets  tired  of  milk,  or  if  it  be  not  well  borne,  Benger's 
Food  may  be  tried." 
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Wasting  Diseases  or  Infants  and  Children,  by 
Eustace  Smith,  M.D.,  F.B.C.P.  Sixth  edition,  1899, 
page  40. 

"  Instead  of  mcalt,  Pancreatine  may  be  employed  as  the  digestive 
agent  of  starch.  This  plan  has  been  adopted  with  great  success  by 
Mv  Benger  In  Benger's  Food  the  farinaceous  meal,  finely  ground 
and  well  cooked,  is  mixed  with  pancreatine.  When  the  Food  is  added 
to  warm  milk  or  milk  and  water,  the  digestive  principle  not  only  con- 
verts the  starch  more  or  less  completely  into  dextrine,  but  also  acts 
upon  the  casein,  reducing  it  to  a  form  in  which  it  is  as  readily 
digestible  as  the  curd  of  human  milk.  The  Food  is  a  very  good  one, 
and  usually  agrees  well." 


Encyclopcedia  Medioa,  edited  by  Chalmers  .  Watson, 
M.D.,  FM.C.P.  Vol.  v.,  1900.  Article  on  Infant 
Feeding,  page  244. 

"Partly-malted  cereal  foods  ....  Benger's  Food  is  some- 
what similar,  but  the  partial  conversion  of  starch  is  accomplished  by 
pancreatic  ferments." 


Functional  and  Organic  Diseases  of  the  Stomach, 
by  S.  Martin,  M.D.,  F.B.C.P.,  M. B.C. S.,  1895. 

"Diet  in  Gastric  Ireitation,"  page  324.  "  For  the  mid-day 
meal,  12  to  1,  milk  and  Benger's  Food,  made  quite  thin,  with  the 
white  of  an  unboiled  egg  beaten  up  in  it,  a  little  salt  being  added." 

"DiETBTio  Treatment  of  Permanent  Gastric  Instjeficiency." 
page  334.  "  Sir  William  Roberts  recommended  extraction  of  the 
pancreas  by  means  of  weak  spirit,  and  this  was  utilised  in  the 
preparation  of  Benger's  Liquor  Pancreatious,  which  is  largely  used  in 
the  manufacture  of  peptonised  food."  .... 


Manual  of  Medicine,  edited  by  Sir  W.  H.  Allchin,  M.D., 
F.B.C.P.,  M.B.C.S.  1903.  Vol.  V.,  page  379, 
Diseases  of  the  Pancreas. 

"  Partially-digested  foods,  such  as  Benger's  and  the  various  malted 
foods  and  peptic  preparations,  minced  raw  pancreas,  or  the  Liquor 
Pancreatious  (Benger)  may  be  administered  with  distinct  advantage, 
especially  in  the  diabetic  cases." 
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Page  277,  Chkonio  Gastritis. 

"Such  food  as  is  required  should  be  of  the  simplest  character- 
milk  and  soda  water,  thinly  prepared  Plasmon  or  Benger's  Food  are 
quite  sufScient." 

Page  283,  Acute  Enteritis. 

"  Thinly-made  Benger's  Food  or  Plasmon  is  often  most  useful." 


Page  329,  Dilatation  op  the  Stomach. 

"Minced  freshly-cooked  meat,  peptonised  milk.  Benger's  Food 
and  Plasmon  are  the  most  suitable,  and  should  be  given  in  small 
quantities  at  intervals  of  four  hours." 


Page  319,  Cancer  op  the  Stomach. 

"  Peptonised  foods,  including  milk,  Benger's  Food,  Plasmon,  soups, 
and  meat  extracts  come  to  be  the  nutriment  that  has  to  bo  relied  on." 


Inpectious  Diseases  (Oxford  Medical  Publications),  1909, 
by  Claude  Buchanan  Ker,  M.D.,  Ed.;  F.E.C.P.,  Ed.', 
Medical  Superintendent  City  Hospital,  Edinburgh  ; 
Lecturer  on  Infectious  Diseases  to  the  University  of 
Edinburgh. 

In  the  introduction,  page  17,  referring  to  the  Diet  in  Infectious 
diseases,  the  following  appears  : — 

"  I  have  always  found  Benger's  Food  a  most  useful  preparation, 
and  employ  it  perhaps  more  frequently  than  any  of  the  others  named." 

Benger's  Food  is  also  mentioned  in  the  above  work — 

On  page  121  Diet  in  Scarlet  Fever. 
167      „      Small  Pox. 
313      ,,      Enteric  Fever. 
467  Whooping  Cough. 


System  op  Diet  and  Dietetics,  1908,  page  226.  Extract 

from  article  by  E.  Cautley,  M.D.,  F.E.C.P.,  <i:c.  : — 

"  Benger's  Food  is,  in  my  opinion,  the  most  valuable  proprietary 
food  on  the  market.  It  is  a  valuable  food  in  typhoid  fever,  gastric 
and  intestinal  troubles,  anorexia  from  any  cause,  convalescence  from 
acute  illness,  and  in  malnutrition  generally." 
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The  Child,  hy  A.  Westland,  M.A.,  M.D.,  on  'pages  41, 
42,  45,  and  47.    On  page  42  Dr.  Westland  writes  : — 

"  Benger's  Food  differs  slightly  from  others  in  containing  an  active 
prmciple  which  assists  in  digesting  the  milk  with  which  it  is  mixed,  as 
well  as  the  starch  in  the  food  itself.  Being  more  easily  digested  than 
the  foods  of  the  second  class,  a  small  amount  of  milk  may  usually  be 
employed  in  preparing  them  from  the  commencement  of  their  adminis- 
tration, and  the  quantity  of  milk  should  be  gradually  increased  until 
at  six  months  the  baby  takes  the  food  mixed  with  milk  altogether 
undiluted." — And  on  page  45. 

"  Benger's  Food  is  often  very  valuable  when  the  progress  of  the 
child  is  not  satisfactory,  in  spite  of  its  apparently  digesting  the 
humanised  milk  with  comfort." 

From  Practical  Motherhood,  hy  Helen  Y.  Campbell, 
L.R.C.P.  andS.,  Edin.  ;  L.F.P.  and  S.,  Qlas.;  1910. 

Feeding  after  WEANiNa  :   Page  178. 

"K  the  baby  has  had  no  cow's  milk,  it  is  necessary  to  introduce  . 
it  gradually,  and  a  weak  mixture,  or  ordinary  mixture  peptonised,  of 
this,  should  replace  each  breast  feed  as  this  is  dropped.  If  this 
method  is  not  followed,  Benger's  Food,  which  I  have  found  very  use- 
ful for  this  pmpose,  should  be  given  for  a  few  weeks,  to  lead  the 
child  gradually  on  to  cow's  milk  and  starchy  food." 

Other  mention  is  made  of  the  use  of  Benger's  Food  for  mothers 
and  children,  and  on  page  189  is  given  a  list  of  formulas  and  a 
method  of  gradually  reducing  the  process  of  self -digestion.  Com- 
mencing with  45  minutes  and  reducing  this,  in  stages  of  five  minutes, 
to  10  minutes  digestion. 


PULMONABY  TUBEBCULOSIS   AND  SaNATOEIXJM  TbEATMENT,  1910,  by 

C.  MiUhu,  M.D.,  on  page  105. 

The  Hygiene  of  Infancy  and  Childhood,  1910,  by  A.  D.  Fordyce, 
M.D.,  on  page  66. 

Handbook  fob  Nubses,  by  J.  K.  Watson,  M.D.,  on  page  83. 

Physioloqioal  Feeding  of  Infants,  by  Eric  Pritchard,  M.D.  on 
pages  445,  453,  and  454. 
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Food  and  Feedinq  in  Health  and  Disease,  by  Chcdmera  Watson, 
M.D.,  on  pages  178,  179.  183,  281,  293,  &c.,  &c. 

Indigestion.    A  Post-Graduate  Lecture  deUvered  at  the  London 
School  of  CHnical  Medicine,  by  Guthie  Rankin,  M.D.,  reported 
in  the    'Bntish  Medical  Jouraal,"  of  March  25th  1911 
page  668. 

NuESiNG :  Its  Theoby  and  Practice,  by  P.  G.  Lewis,  M.D.  on 
page  71. 

Questions  on  Sick  Nuksing  and  Home  Hygiene,  by D.  M.  Macdonald, 
M.D.,  on  page  17.  ' 

The  Health  of  Our  Children  in  the  Colonies,  by  Dr.  Lilian  Austin 
Robinson,  on  page  46. 

Practical  Dietetics,  by  W.  Gilman  Thompson,  M.D.  (U.S.  4..),  on 
pages  113,  120,  and  162. 

Food  and  Dietaries,  by  R.  W.  Burnet,  M.D.,  on  page  169. 

A  System  or  Diet  and  Dietetics,  1908  (Oxford  Medical  Publica- 
tions).    Edited  by  G.  A.  Sutherland,  M.D. 


Reference  is  made  to  Benger's  Food  in  the  following  chapters : — 

Patent  and  Proprietary  Foods,  by  Edmund  Cautley,  M.D., 
on  pages  214,  226,  227,  and  236. 

Diet  in  Fevers  and  Acute  Infectious  Diseases,  by  C.  B. 
Ker,  M.D.,  on  pages  306,  314,  322,  337,  339,  and  353. 

Diet  in  Tuberculosis,  by  N.  D.  Bardswell,  M.D.,  and  J.  E. 
Chapman,  M.R.C.S.,  on  pages  371,  375,  396,  397,  400,  402, 
403,  404,  405,  408. 

Diet  in  Diseases  oe  the  Stomach  and  Intestlnes,  by  H.  P. 
Hawkins,  M.D.,  on  pages  498,  501,  504,  523,  524,  530,  532, 
547,  and  551. 

Diet  in  Diseases  op  the  Lungs,  by  G.  A.  Sutherland,  M.D.,  on 
pages  582  and  588. 

Diet  in  Diseases  of  the  Blood  and  Blood-forming  Organs, 
by  John  Cowan,  M.D.,  on  pages  633,  634,  and  649. 

The  Feeding  of  Infants  and  Children  in  Health,  by  G.  A. 
Sutherland,  M.D.,  on  page  784. 

Food  and  the  Principles  of  Dietetics,  by  Robert  Hutchison,  M.D., 
1911  edition,  on  pages  468,  471,  and  483. 

Children — Their  Care  and  Management,  by  ^.  M.  Brockbank,  M.D., 
page  53  (Essence  of  Rennet),  pages  64  and  76  (Banger's  Food). 


Quotations  and  Refer ences— continued .  107 
Medical  and  Nuhsing  Jottrnals  : — 

In  Blaokwater  Fever    "  Lancet,"  August  5th,  1906. 

Atonic  Dyspepsia   "Nursing  Times,"  Dec.  2nd,  1905. 

Tetanus   "  Nursing  Times,"  Dec.  2nd,  1905. 

Intersusception  in  Infants   "  Practitioner,"  Dec.  1905. 

Vomiting  in  Pregnancy  "  Nursing  Times,"  March  31st,  1906. 

In  Angina  Pectoris  "Practitioner,"  Sept.  1906. 

(Article  by  G.  A.  Gibson,  M.D.) 

Infantile  Diarrhoea  "  British  Journal  of  Nursing,"  Oct.  6th,  1906. 

Influenza   "Practitioner,"  January,  1907. 

(Hector  Mackenzie,  M.D.) 

Benger's  Food  :  Its  wider  uses  . . "  Medical  Press  and  CSrcular,"  . . 

Jan.  23rd,  1907. 

Feeding  of  Fever  Patients  (S.  West,  M.D.)  ' .  "  Medical  Press  and 

Circular"  (Page  645),  June  12th,  1907. 

Gafitric  Ulcer  "Medical  Press  and  Circular,"  June  12th,  1907. 

Summer  Diarrhoea  in  Infants  "  Nursing  Mirror,"  July  6th,  1907. 

Diet  in  Surgical  After-treatment  . .  "  Nursing  Times,"  July  13th,  1907. 

Gastro-Enterostomy    "  Nursing  Mirror,"  Dec.  21st,  1907. 

Typhoid  Fever   "  Nursing  Times,"  Feb.  8th,  1908. 

Splenic  Enlargement  in  Infancy   "Hospital,"  Feb.  13th,  1909. 

Spotted  Fever   "  Nui-smg  Times,"  July  3rd,  1909. 

(Dr.  Morgan.) 

Diet  after  Abdominal  Operations  "  Practitioner,"  March,  1910. 

A  Case  of  Rickets  "  British  Homeopathic  Journal,"  April,  1910. 

By  A.  E.  Hawkes,  M.D. 

Feeding  in  Acute  Diseases  "Nursing  Times,"  Jime  18th,  1910. 

By  R.  B.  Wild,  M.D. 
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After  Treatment  of  Abdominal  Operations  (Nursing  of  Sick  Children) 

"  Nursing  Mirror,"  June  25th,  1910. 

Artificial  Feeding  of  Children  . . . .  "  Medical  Magazine,"  July  1910 
By  B.  Cautley,  M.D.  J'  ^■ 

Symptoms  and  Treatment  of  Duodenal  Ulcer,  by  R.  J.  M.  Buchanan, 
 "Liverpool  Medical  and  Chirurgical  Journal,  July,1910.' 

Scarlet  Fever  "  West  London  Medical  Gazette,"  July  1910 

By  F.  G.  Crookshank,  M.D. 

Rennet  and  Its  Uses  "Baby,"  August,  1910. 

Some  Diseases  of  Old  Age  "  Nursing  Mirror,"  October,  1910. 

(Nurses'  Clinic.) 

Carcinoma  of  the  Stomach  "Clinical  Journal,"  Oct.  26th,  1910. 

By  James  Sherren,  M.D. 

Medical  Treatment  of  Ulcer  of  the  Stomach  and  Duodenum.   By  F.  J. 
Smith,  M.D  "  Medical  Press  and  Circular,"  Nov.  9th,  1910. 

Home  Treatment  of  Scarlet  Fever  "  Practitioner,"  December,  1910. 

By  F.  G.  Crookshank,  M.D. 

Three  Cases  Duodenal  Ulceration.    By  F.  de  Haviland  Hall,  M.D. 

"  Medical  Press  and  Circular,"  Dec.  14th,  1910. 

Diet  in  Typhoid  Fever  Nursing  "  Nursing  Mirror,"  Dec.  10th,  1910. 

Remarks  on  Hour-glass  Contraction  of  the  Stomach.   By  R.  P. 

Rowlands,  M.D  "  British  Medical  Journal,"  March  25th,1911 

(Page  669.) 

Duodenal  Obstruction .."  British  Medical  Journal,"  May  20th,  1911. 
By  Alfred  C.  Jordan,  M.D.  (Page  1173.) 

Infant  Feeding  and  Foods  "Medical  Magazine"  June,  1911. 

(Page  338.) 

Cardiac  Disease  "  Practitioner,"  August,  1911. 

By  Robert  Hutchison,  M.D. 

Rheumatic  Afiections:  Diet  in  "Practitioner,"  January,  1912. 

By  L.  J.  Llewellyn,  M.B.,  &c. 

A  Case  of  Typhoid  Fever,  complicated  with  Cholecystitis.     By  John 

McMillan,  M.B.,  Ch.B  "  British  Medical  Journal," 

Jan.  20th,  1912.  (Page  117.) 

Congenital  Hypertrophic  Stenosis    of    the  Pylorus  in  Infancy. 
ByC. Paget  Lapage, M.D.  "Practitioner,"  (Page  426.)  March,  1912. 


PLATES. 

The  following  plates  have  been  selected  and  repro- 
duced, etc.,  from  the  "  Benger "  series  of  original, 
untouched,  copyright  photographs.  They  show  the 
efiect  of  an  artificial  gastric  juice  (containing  Kennin 
and  Hydrochloric  Acid  0-2  per  cent.)  on  milk,  etc.,  at 
98°  Fahr.,  in  glass,  under  identical  conditions. 
Magnification :  Plate  I.,  Three-sevenths  natural  size. 

Plates  II.  to  VII.,  two  diameters. 


PHOTOGRAPH  I. 

CUBD  FROM  Cows'  MiLK  (FiG.  4)^  AND  PROM  THE  SAME  MiLK 
AFTER  TREATMENT  WITH 

(1)  Benger's  Food*  for  fifteen  minutes.    Fig.  43. 

(2)  .„         „       „    tMrty      „  Fig.4C. 


*     oz.  Food  to  12  fluid  ouncei  of  millc. 


PHOTOGRAPH  I.    Plate  I. 


Three-seventlig  Natural  Size. 


Copyright. 


PHOTOGRAPH  II. 

Cows'  Milk  sets  in  a  solid  curd,  and  has  to  be  broken  with 
A  GLASS  ROD.  This  photograph  shows  the  broken  curd. 
(Compare  with  Plate  III.   Photograph  III.) 


PHOTOGRAPH  H.     Plate  II. 


X  2  Diameters. 


Copyright. 


PHOTOGRAPH  III. 

Cows'  Milk  treated  with  Bengek's  Food.*  Showing 
that  it  does  not  set  in  a  solid  curd,  but  can  be  poured 
out  easily  from  the  test  glass.  (Compare  with  Plate  II. 
Photograph  II.) 


%  oz.  to  12  fluid  ounces  of  milk. 


PHOTOGRAPH  III.    Plate  HI. 


PIATE  III 


X  2  Diamelers. 


Cupyrighl. 


PHOTOGRAPH  IV. 

Curd'  FORMED  in  a  mixture  containino  44-4  per  cent.  Cows' 
Milk  AND  55  •  6  per  cent,  oe  water.  (Compare  with  Plate 
XVIII.   Photograph  VI.) 


PHOTOGRAPH  IV.   Plate  XVI, 


X  2  Diameters. 

Copyright. 


PHOTOGRAPH  V. 

€URD  FORMED  IN  A  MIXTURE  CONTAINING  44  -4  PER  CENT.  CoWS' 

Milk  and  55-6  per  cent,  op  barley  water.  (Compare 
with  Plate  XVIII.  Photograph  VI.,  also  Plate  XVI.  Photo- 
graph  IV.) 


PHOTOGRAPH  V,    Plate  XVII. 


PHOTOGRAPH  VI. 

Curd  formed  from  same  dilution  op  milk  and  water  as 
IN  previous  experiments  (see  Photographs  IV.  and  V.), 

BUT      EIRST      treated    WITH      BeNGER's     PoOD,*  AND 

DIGESTED  FOR  FIFTEEN  MINUTES.  (Compare  with  Plate 
XVI.     Photograph  IV.) 


•  }i  oz.  Food  to  12  oz.  milk  and  under. 


PHOTOGRAPH  VI.    Plate  XVHI. 


PLATEXVIjr, 


X  2  Diameters. 


Copyright. 


PHOTOGRAPH  VII. 


The  same  (see  previous  Photograph)  after  thirty  minutes 
DIGESTION.  Compare  with  Plates  XVI. — XVIII,  PJioU> 
graphs  IV.,  V.,  and  F/.) 


X  2  Diameters. 


Copyright. 


t 


PHOTOGRAPH  VIII. 

The  blue  colour  formed  by  the  action  of  iodine  on  starch 
in  barley  water,  showing  unchanged  starch. 


PHOTOGRAPH  IX. 

Colour  obtaineb  by  the  action  of  iodine  on  prepared 
Benger's   Food*      For    this    purpose   made  with 

WATER  ONLY.      SHOWING  EXTENT  OP  BTARCH  CONVERSION. 

(Compare  with  Photogmph  VIII.) 


*     IK.  Food  to  12  oz.  water 


PHOTOGRAPH  IX. 


t 


PHOTOGRAPH  X. 

Effect  op  excess  of  iodine  on  the  same.    (Compare  with 
Photographs  VIII.  and  IX.) 


PHOTOGRAPH  X. 


INDEX. 


Absorptiok 

of  food  products,  23 

of  carbohydrates,  24, 

of  proteins,  24 

of  fats,  24 
Achroo-dextrin,  43 
Acid  in  gastric  juice,  7 
Amylase,  18 
Amylopsin,  13,  14,  43 

Action  of,  14,  42 
of  heat  on,  43 

in  Benger's  food,  78 

in  early  infancy,  47 

in  liquor  pancreaticus,  90 
Anticipation  juice,  5 
Antiscorbutics,  85 
Ash 

of  Benger's  Food,  76 
of  cow's  milk,  77 
of  human  milk,  77 

Baeley  watkk,  44 

and  milk, 46.  See 'photographs 
in  infant  feeding,  48,  54, 

55,  56 
preparation  of,  44 
starch  in,  44,  64,  56 
Beef  tea,  peptonised,  95 
jelly,  peptonised  96 
Benger's  Food,  76,  78 

action  of,  49,  55,  69,  61,  78 
cost  of,  86 

composition,  55,  76,  77,  78 
when  prepared  for  use. 
See  schedule  following  p.  69 
digestive  principles  in,  78 
directions  for  preparation, 
80,  83 
explanation  of,  82 
flavour  of,  85 
flavouring  additions,  85 
formulae  for  infants,  62-67, 

and  schedule 
formulsB  for  children  and 
adults.       See  schedule 
following  page  69 
and  milk,  48,  59,  78 
curdfrom.  See  photographs 
for  infants,  59  to  67 
reference  to,  in  medical 
pubUcations,  pages  102 
to  108 


Benger's  preparations,  Uat  of,  73 
Bile,  16 

composition,  15 

properties,  15 

secretion  of,  17 

mses,  16 
Bowel,  absorption  in,  25 

Calorie,  53 

values  (see  Heat  values),  53 
Carbohydrates,  42 
digestion  of,  42 
products  from,  42 
Casein,  9 
Caseinogen,  9,  33 
Cereal  flours 

composition,  41 

digestion,  41 
Chicken  jelly,  peptonised,  96 
Cowa'  milk 

composition,  32 

caloric  value,  33 

flavours  of,  29 

in  infant  feeding,  46,  63 

ash  of,  77 

Cream 

composition,  34 
dairy  or  shop,  34 
"  gravity,"  34 
how  to  obtain,  34 


Deglutition,  6 

mechanioB  of,  6,  7 

stages  in,  6,  7 
Dextrin,  10,  14,  42,  43 
Dextrose 

absorption  of,  24 
Digestion 

chemical  nature  of,  1 

changes  in,  2 

intestinal,  18 

mechanical  factors,  1 

psychic  factors,  11 

salivary,  3 

in  stomach,  3,  7 

in  small  intestine,  13 

of  carbohydrates,  9,  14,  42 

of  proteins,  2,  8,  14 

of  fats,  8,  14,  17 


u. 


Index. 


Digestion 

of  staroh,  4,  42 

in  infancy,  47,  54  to  58 
Digestive  ferments,  2 
Digested  food  in  treatment,  52 
Diarrhoea,  27 
Diastase 

action  on  starch,  42 
Diastatio  enzymes  in  infancy,  47 
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Enzymes,  2 

action  of,  2 
amylolytio,  3 
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classification,  3 
in  infancy,  47,  56 
.  in  Banger's  Food,  78 
proteolytic,  3 
reversing  action  of,  2 
steaptytic,  3 

See  also  Saliva,  gastric,  pan- 
creatic, and  intestinal  juices 
Enterokinase,  18 
Erepsin,  18,  19 
Erythro-dextrin,  43 
Extract  of  red  marrow,  101 

Fats 

absorption,  23,  24 

composition,  14 

in  cream,  35 

in  upper  milk,  36 
Feeding  table,  81 
Ferments  (digestive),  2 
Flavours  of  cows'  milk,  29 

of  Benger's  Food,  85 
Flavouring    additions    to  Benger's 
Food,  86 
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absorption  of,  23,  24 
digested  in  treatment,  52 
heat  value,  52,  53 
nutritive  value  of,  52 

Formulae  for  use  of  Benger's  Food,  C4 
05,  and  schedule 
special,  how  to  use,  67 
specimen  prescriptions,  68,  69 

Fruit  juice,  85 

Function,  digestive,  loss  of,  49 

Galactose,  19 
Gastric  digestion,  7 

mechanics  of,  11 

products  of,  7 


Gastric  exoitors,  11 

Gastrin,  11 

Gastric  juice, 

acid  in,  7,  97 
activatory  action,  10 
composition,  7,  97 
properties  of,  7,  10 
secretion  of,  10 
action  on 

carbohydrates,  9 

fats,  8 

milk,  9 

proteins,  8 
Glands,  saUvary,  4 

Lieberkiihn,  18 
Glycogen,  4 

Heat,  action  on  enzymes,  2,  90 

Heat  values,  53 

of  milk,  &c.,  33 
of  human  milk,  33 
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8ee  schedule 

Hormones,  10 

Human  milk,  composition,  33 

mineral  constituents,  77 
Hydrolysis,  2 

Infants,  feeuino  op,  59,  62 
Infancy,  digestion  in,  9,  46 

starch,  digestion  in,  54 
Insalivation,  3 
Intestinal  digestion,  18 

juice,  18 

movements,  20,  22 
Intestines 

absorption  in,  20,  22,  25 

Micro-organisms  in,  26 

small,  movements  of,  20 

large,  movements  of,  22 
Invertase,  18 

Juice,  anticipation,  5 
Gastric,  7 

secretion  of,  10 
Pancreatic,  13 

secretion  of,  15 
Jelly,  beef,  peptonised,  90 
chicken,  90 

Kinase,  19 

Lactalbumin,  33 
Lactase,  18 
Lactose,  85 

Lentil  flour,  pancreatised,  87 
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Leviiloso,  24 
Leucin,  13,  24 
Lieberkuhn,  glands  of,  18 
Lipase,  8 

Liquor  Pancieaticus,  51,  88 

89-94 
Liquor  Pepticus,  97 

Incompatibles,  98 
Liquor  Thyroidin,  100 

Maltase,  18 
Maltose,  43 
Mastication,  3 
Marrow  extract,  red,  101 
Measures,  86 
Meat  juice,  raw,  85 
Micro-organisms  in  alimentary  canal, 
25 

and  foods  :  products  from,  26 
Rlilk,  cows' 

composition,  33 

curd,  from.    See  illustrations 

dilutions  of,  33,  63 

flavours  of,  29,  30,  31 

Pasteurised,  32 

peptonised  composition,  95 

peptonising,  90  to  94 

preservatives  in,  28 

upper,  35,  36,  37 

action  of  gastric  juice  on,  9 

action  of  pancreatic  juice 
on,  15,  51 

digestion  in  infancy,  9,  48 

and  barley  water,  55,  56 
curd.    See  illustrations 

and  Benger's  Food,  78 

curd.    See  illustrations 

and  water  curd.     See  illus- 
trations 
Mineral  constituents  in 

Benger's  Food,  76 

Cows'  milk,  77 

Human  milk,  77 

Panoebatio  diqbstion,  13 
advantages  of,  51 
juice,  13 
composition,  13 
secretion  of,  15 
action  on, 

proteins,  14 

carbohydrates,  14 

fats,  14 

milk,  15 
Pancreatic  us  liquor,  88  to  94 


Pancreatin  pills,  100 
Pepsin,  7 
Pepsin  pills,  100 
Pepticus  liquor,  97 

Incompatibles,  98 
Peptones,  10 

Peptone  suppositories,  101 
Peptonising  powders,  88  to  94 
Peptonised  beef  tea,  95 

milk,  90,  92,  93,  94 
composition,  95 
Predigested  food  in  treatment,  50 
Predigestion,  extent  desirable,  52 
Prescriptions,  specimen,  68,  69 
Preservatives  in  milk,  27,  28 

action  on  enzymes,  27 
Proprietary    foods ;   extract  from 

article,  60 
Psychic  secretion,  10 
Polyoses,  4 
Propeptone,  8 
Prosecretin,  10,  15 
Protein,  7 

digestion  of,  8 
in  milk,  48 

sparers,  24 
Proteoses,  8 
Pro-zymogen,  2 
Ptyalin,  3,  4 

action  on  starch,  42 

in  infancy,  47 
Pylorus,  food  in,  12 

Quotations,  etc.,  from  medical 
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experiments,  50,  51,  62 
process  for  peptonising  milk,  92 

Saliva 

composition,  4 

secretion  of,  4,  5 

nervous  mechanism  of,  5 

uses  of,  4,  5 
SaUvary  digestion,  3 

glands,  4,  46 
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Secretion  of  digestive  juices,  4,  10,  15, 

17,  18,  19 
Starch,  41 

cellulose,  41 

chemical  changes  in,  6,  42,  43 
digestion,  3,  14,  42,  44 
in  infancy,  54 

quotations  from  authori- 
ties, 55  to  58 
Bibliography,  58 
effect  of  heat  on,  42 

of  enzymes  on,  42 
excess  in  infancy,  46 
in  Benger's  Pood,  76 
in  prepared  Benger's  Food,  55, 
59,  76,  78,  and  Table  of 
formulsB 
granulose,  41 

limits  in  infant  feeding,  56 
Steapsin,  13,  14 
Stomach 

absorption  in,  24 

digestion  in,  3,  12 

movements  in,  13 

physiology  of,  12 
Succus  entericus 

composition,  18 
mechanical  action,  20 


Succus  entericuB,  uses  of,  19 
proteins,  19 
fats,  19 

carbohydrates,  19 
Sugar  of  milk,  85' 

with  Benger's  Food.  See 
Schedule  of  formulas 
Sugars  from  starch,  3,  14,  43 

digestion  of, 
Suppositories,  peptone,  101 

Tbmpeeatures  Am>  enzymes,  43,  89 

Thyroidin  liquor,  100 

Top  milks,  35 

Trypsin,  13,  14,  19 

action  of  heat  on,  89 
in  Benger's  Food,  49 
in  Uquor  pancreaticus,  90 

Trypsinogen,  19 

Tyrosine,  13,  24 

Upper  milks,  35,  36.  37 

Whey 

composition,  38 
mixtures,  39,  40 

Zymogens,  2 
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